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Description

Field of the Invention:

[0001] This invention relates to an image processing
apparatus and method. More particularly, the invention
relates to an image processing method and apparatus
for extracting image segments having different charac-
teristics from an input color image and judging each of
the characteristics of these image segments.

Description of the Related Art:

[0002] Apparatuses for inputting and outputting color
images have begun to find wider use in the field of office
automation. This has been accompanied by greater op-
portunities for handling color images obtained by using
an input device such as a scanner to read in an original
of a color image the greater part of which is occupied by
a black-and-white portion or a portion wherein the
number of colors is limited. Such a color image shall be
referred to as a "document image". A feature of a doc-
ument image is that, unlike other images, a document
image includes a mixture of image segments (such as
character image segments and photographic image
segments) having different properties. There are cases
in which an image having good picture quality is not ob-
tained even if use is made of processing techniques uti-
lized in other fields, such as a technique for zooming or
a technique for reducing the quantity of data. Further,
there is increasing demand for re-utilizing digital data
obtained by structuring the color image of an original.
More specifically, this entails inputting, into a computer,
characters and photographs from the original in the form
of character codes and image data, respectively, where-
by the inputted information can be re-utilized in, say,
desktop publishing (DTP).
[0003] A prior art approach of this kind is described
for instance in EP-A-0 516 576, which describes a meth-
od wherein text and graphics in a document are discrim-
inated by extracting the contours of black and white ob-
jects from a (filtered) input image, determining the shape
properties of each object from said extracted contours,
evaluating the inclusion relationship between the ob-
jects, and classifying each object as either text, graphics
or white background on the basis of said determined
shape properties and inclusion relationship. In an output
step, the original image is combined with (masks of) the
classified objects to separately generate text and graph-
ics, whereby different objects represented in the input
image by black pixels can be colour-coded. It thus ap-
pears that this prior art method can not handle compli-
cated color images wherein the background is not ex-
clusively white.
[0004] Next, a technique for subjecting an image to
zoom processing, a technique for reducing the quantity
of data and a technique for image segmentation (inclu-
sive of a technique for structuring a document image)

will be described.

[Zoom processing]

[0005] Methods of zooming an image (inclusive of
converting pixel density) include selective processing
conversion (SPC), in which each pixel of an original im-
age is eliminated periodically in dependence upon the
zoom ratio (this is image reduction) or in which each pix-
el is repeated in dependence upon the zoom ratio (this
is image enlargement) (see Matsumoto, Kobayashi:
"Study on the Effect of the Resolution Conversion on
Picture Quality", The Journal of the Institute of Image
Electronics Engineers of Japan, Vol. 12, No. 5, pp. 354
- 362, 1983), and a method of obtaining the value of a
pixel of interest by interpolation from neighboring pixels
following a coordinate transformation (an affine trans-
formation, etc.).
[0006] Further, a method proposed by the present ap-
plicant is available as a method of zooming a binary im-
age. This method relates to an apparatus for extracting,
smoothing and zooming outline information of a binary
image and involves extracting outline vectors from a bi-
nary image, creating outline vectors that have been
zoomed smoothly to a desired magnification (arbitrary)
in the state of the extracted outline vector expression,
and reproducing the binary image from the smoothing
zoomed outline vectors, thereby obtaining a high-quality
digital image zoomed to the desired magnification (ar-
bitrary).

[Reduction of data quantity]

[0007] An example of an available method of reducing
the quantity of image data when the image is stored or
communicated is a coding method using a discrete co-
sine transform (DCT) according to the Joint Photograph-
ic Experts Group (JPEG). In another proposed method,
a color image is converted to a uniform color space, after
which the image is split up using color difference. The
shape of an segment is subjected to chain coding, hue
is quantized coarsely segment by segment using stored
colors, saturation is subjected to a polynomial approxi-
mation and lightness is subjected to adaptive DCT cod-
ing, whereby the image data is coded. (See The Trans-
actions of the Institute of Electronics, Information and
Communication Engineers, B-I, Vol. J75-B-I, No. 6, pp.
422 - 430, 1992, June, 1992.)
[0008] Further, an example of a method of reducing
the quantity of data in a binary image is MR/MMR coding
or coding in accordance with the Joint Bi-Level Image
Group (JBIG).

[Image segmentation (inclusive of structuring of a
document image)]

[0009] An example of a method of segmenting a color
image is a recursive threshold-value method (see
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"Structuring of Color Image Information by Area Parti-
tion Processing", Journal of Information Processing So-
ciety of Japan, Vol. 19, No. 12, pp. 1130 - 1136, Dec.
1987). According to this method, processing for decid-
ing a threshold value for area partitioning from the value
of a histogram in RGB, HSI, YIQ color features and then
extracting an area is repeated recursively with regard to
each extracted area. Another reported method is the
limited-color expression method. This utilizes a color
quantizing technique in which a color distribution is par-
titioned repeatedly until attainment of a number of colors
in which a color error cannot be visually recognized by
the human eye (see The Institute of Electronics, Infor-
mation and Communication Engineers, 1990, Spring,
All-Japan Convention, D146 7-168).
[0010] Examples of a method of segmenting image
segments applied to a document image is one in which
areas are judged pixel by pixel using the information
possessed by neighboring pixels (see Tetsuya, Ochi:
"Bilevel Rendition Method for Documents Including
Gray-Scale and Bilevel Image", The Transactions of the
Institute of Electronic and Communication Engineers,
Vol. J67-B, No. 7, pp. 781 - 788, 1984), and one in which
an image segment is segmented by utilizing the back-
ground of a document image based upon the property
that an image segment is partitioned by the background,
after which the area is subjected to judgment (see Ito,
et al: "Parallel Field Segmentation of Free-Format Doc-
uments", 1979 Information Processing Society of Ja-
pan, 20th All-Japan Convention, pp. 453 - 454). Some
of these papers also propose applying the results ob-
tained by image segmentation to the structuring of doc-
ument images. (For example, see Yamata, et. al: "Mul-
timedia Document Structuring Processing System", The
Journal of the Institute of Image Electronics Engineers
of Japan, Vol. 19, No. 5, pp. 286 - 295, 1990).
[0011] Another examplary document segmentation
process is described in IBM TDB, vol. 31, no. 7, 1 De-
cember 1988, page 73/74, "AUTOMATIC DOCUMENT
SEGMENTATION", wherein coloured images can be
processed by a two-step segmentation algorithm to de-
termine their constituent image components, i.e. texts,
graphs and photographs. The algorithm is based on a
black threshold T1, a white threshold T2 and a colour
visibility threshold (a pixel is coloured if any 2 of its R,
G or B components are different beyond said colour vis-
ibility threshold). The image is divided into a number of
blocks and, in a first image scan, thresholds T1 and T2
are established for each block according to local block
conditions; in a second image scan, each block is la-
belled as either bilevel or multilevel, as well as either
monochrome or polychrome.
[0012] Such a segmentation process, however, would
not satisfactorily segment complicated color images; for
instance, a color photograph or colorised photograph
would be both classified as multilevel polychromatic
components.
[0013] However, the problems described below arise

in the techniques described above.

[Problems with zoom processing]

[0014] The SPC zoom method is capable of forming
a zoomed image in simple fashion but problems such
as jaggies arise in terms of image quality.
[0015] Further, a zoom method using coordinate
transformation is effective for natural images, such as
images of scenery. However, when this method is ap-
plied to document images, the edges of character or line
drawing portions such as characters and graphs be-
come blurred owing to interpolation processing.
[0016] Further, the method of zooming a binary image
proposed by the present applicant is very effective as a
method of extracting, smoothing and zooming the out-
line information of a binary image. However, this method
cannot be applied directly to zooming of a color image
or grayscale image.

[Problem with data-quantity reduction]

[0017] The method of reducing the quantity of data by
coding using a DCT is effective for a natural image.
However, when a document image is compressed and
reproduced, image quality deteriorates markedly at
character or line-drawing portions such as characters
and graphs.
[0018] The method of segmentation and coding a
segment also is for application to natural images and
lightness is therefore subjected to adaptive DCT coding.
As a result, the lightness information comes to occupy
a major part of the total quantity of information. Accord-
ingly, this method is useful with regard to continuous
tone portions of a color image. However, coding efficien-
cy is poor with regard to documents, in which black-and-
white portions or limited-color portions occupy the major
part of the document and the importance of lightness
information is low.
[0019] The coding method based upon MR/MMR or
JBIG is effective when reducing the amount of data in a
binary image. However, this method cannot be applied
directly when reducing the amount of data in a color im-
age or grayscale image.

[Problem with image segmentation]

[0020] The method of image segmentation using the
recursive threshold-value method or limited-color ex-
pression method can be applied to portion segmenting
of a natural image. However, the method cannot be ap-
plied directly to a document image having image seg-
ments whose properties differ from those of a natural
image (because the definition of a character segment is
different from that of a natural image).
[0021] Further, the image segmentation method (in-
clusive of document structuring) for application to a
character image is for the purpose of processing a bi-
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nary image or a grayscale image. It is difficult to apply
this method to a color image in which there is much over-
lapping of image segments.
[0022] Thus, the proposed zoom method, data reduc-
ing method and image segmentation method are often
suitable for natural images but satisfactory results can-
not be expected when these methods are applied to a
document image. Further, the proposed methods for ap-
plication to document images are suitable for binary im-
ages and grayscale images but cannot be applied di-
rectly to color images.
[0023] A concern of the present invention is to solve
the aforementioned problems and provide an image
processing apparatus and method as set out in the ap-
pended claims in which excellent processing is applied
to a color image in which image segments having differ-
ent characteristics are mixed.
[0024] According to an aspect of the present inven-
tion, there is provided an image processing method
comprising an input step of inputting a color image, an
extraction step of extracting image segments, which
have characteristics different from a background image
segment of the inputted color image, from the color im-
age, and a discrimination step of discriminating the char-
acteristics of each image segment extracted at the ex-
traction step.
[0025] The invention further discloses an image
processing method for extracting each image segment
from a color image in which image segments having dif-
ferent components are mixed, comprising a creation
step of creating a reduced image from an input color im-
age, a first extraction step of extracting an image seg-
ment from the reduced image, and a second extraction
step of extracting an image segment from the input color
image using data of the image segment extracted at the
first extraction step.
[0026] The invention further discloses an image
processing apparatus comprising input means for input-
ting a color image, extraction means for extracting im-
age segments, which have characteristics different from
a background image segment of the input color image,
from the color image, and discrimination means for dis-
criminating the characteristics of each image segment
extracted by the extraction means.
[0027] The invention further discloses an image
processing apparatus for extracting each image seg-
ment from a color image in which image segments hav-
ing different components are mixed, comprising crea-
tion means for creating a reduced image from an input
color image, first extraction means for extracting an im-
age segment from the reduced image, and second ex-
traction means for extracting an image segment from
the input color image using data of the image segment
extracted by the first extraction means.
[0028] Other features and advantages of the present
invention will be apparent from the following description
taken in conjunction with the accompanying drawings,
in which like reference characters designate the same

or similar parts throughout the figures thereof.

Fig. 1 is a diagram showing a procedure for seg-
menting image segments in the present invention;
Fig. 2 is a diagram showing a processing procedure
for a case in which the present invention is applied
to color image zoom processing in an image
processing apparatus;
Fig. 3 is a block diagram showing an example of the
construction of an image processing apparatus
which executes the processing shown in Fig. 2;
Fig. 4 is a block diagram showing hardware for im-
plementing the arrangement of Fig. 3;
Fig. 5A is a diagram showing an overview of image-
segment data;
Fig. 5B is a diagram showing data representing
nodes illustrated in Fig. 5A;
Fig. 6 is a diagram showing the detailed procedure
of an image-segment extraction step depicted in
Fig. 1;
Fig. 7 is a diagram showing the detailed procedure
of a background image segmentation step depicted
in Fig. 6;
Fig. 8 is a flowchart illustrating a procedure for im-
plementing the background image segmentation
step by processing executed by a CPU shown in
Fig. 4;
Fig. 9 is a flowchart illustrating a procedure for im-
plementing an intermediate image segmentation
step by processing executed by the CPU shown in
Fig. 4;
Fig. 10 is a flowchart illustrating a procedure for im-
plementing an image-segment registration step by
processing executed by the CPU shown in Fig. 4;
Fig. 11 is a diagram illustrating the detailed proce-
dure of an image-segment discrimination step de-
picted in Fig. 1;
Fig. 12 is a diagram showing examples of distribu-
tions of RGB values in four image-segment compo-
nents;
Fig. 13 is a flowchart illustrating a procedure for im-
plementing a color/monochromatic discrimination
step by processing executed by the CPU shown in
Fig. 4;
Fig. 14 is a flowchart illustrating another example of
a procedure for implementing a color/monochro-
matic discrimination step by processing executed
by the CPU shown in Fig. 4;
Fig. 15 is a flowchart illustrating a procedure for im-
plementing a continuous color tone/limited-color
discrimination step by processing executed by the
CPU shown in Fig. 4;
Fig. 16 is a flowchart illustrating a procedure for im-
plementing a continuous monochromatic tone/lim-
ited-value discrimination step by processing exe-
cuted by the CPU shown in Fig. 4;
Fig. 17 is a block diagram showing the construction
of an image segmentation unit for discriminating be-
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tween a character/line-drawing image segment and
a pseudo-halftone image segment;
Fig. 18 is a diagram for describing processing exe-
cuted by the image segmentation unit shown in Fig.
17;
Fig. 19 is a block diagram showing the construction
of a data holding unit depicted in Fig. 17;
Fig. 20 is a diagram for describing processing exe-
cuted by the image segmentation unit shown in Fig.
17;
Fig. 21 is a diagram for describing processing exe-
cuted by the image segmentation unit shown in Fig.
17;
Fig. 22 is a diagram for describing processing exe-
cuted by the image segmentation unit shown in Fig.
17;
Fig. 23 is a diagram illustrating the detailed proce-
dure of an adaptive zooming step shown in Fig. 1;
Fig. 24 is a diagram illustrating a sequence of image
segments which undergo zooming;
Fig. 25 is a diagram illustrating processing in a case
where the present invention is applied to processing
for compressing a color image in an image process-
ing apparatus;
Fig. 26 is a block diagram showing the construction
of an image processing apparatus which executes
the processing shown in Fig. 25;
Fig. 27 is a block diagram showing hardware for im-
plementing the arrangement of Fig. 26;
Fig. 28 is a block diagram showing another con-
struction of an image processing apparatus which
executes the processing shown in Fig. 25;
Fig. 29 is a diagram showing the structure of com-
pressed data;
Figs. 30A and 30B are diagrams showing the form
of image-segment data contained in compressed
image-segment data;
Fig. 31 is a diagram showing the detailed procedure
of an adaptive compression step depicted in Fig. 25;
Fig. 32 is a diagram showing the detailed procedure
of a color image reproduction step depicted in Fig.
25;
Fig. 33 is a flowchart illustrating the detailed proce-
dure of a continuous color tone reproduction step
depicted in Fig. 32;
Fig. 34 is a flowchart illustrating the detailed proce-
dure of a limited-color, character/line-drawing im-
age segment reproduction step depicted in Fig. 32;
Fig. 35 is a diagram showing a processing proce-
dure for a case in which the present invention is ap-
plied to document image editing processing in an
image processing apparatus;
Fig. 36 is a diagram showing the detailed procedure
of a background image segmentation step accord-
ing to a fourth embodiment according to the present
invention;
Figs. 37A to 37C are diagrams for describing an
overview of processing for judging a background

image segment;
Fig. 38 is a diagram illustrating the detailed proce-
dure of a background image-segment discrimina-
tion step shown in Fig. 36;
Fig. 39 is a flowchart illustrating a procedure for im-
plementing a background image segmentation step
shown in Fig. 38;
Fig. 40 is a flowchart illustrating a procedure for im-
plementing a background image segmentation step
shown in Fig. 38;
Fig. 41 is a flowchart illustrating a procedure for im-
plementing a background image segmentation step
shown in Fig. 38;
Fig. 42 is a diagram for describing a method of
measuring area outside a background;
Fig. 43 is a diagram showing the composition of a
color image processing method according to a fifth
embodiment of the present invention;
Fig. 44 is a diagram showing the construction of a
color image processing apparatus which executes
the illustrated processing;
Fig. 45 is a diagram for describing a step of forming
a reduced image;
Fig. 46 is a diagram showing the constitution of an
input-image image-segment extraction step depict-
ed in Fig. 43;
Fig. 47 is a diagram showing the form of processing
of an input-image image-segment extraction step
depicted in Fig. 43;
Fig. 48 is a diagram showing an example in which
image-segment data extracted by the input-image
image-segment extraction step of Fig. 43 is applied
to the color image zoom method described in con-
nection with the first embodiment;
Fig. 49 is a diagram showing an example in which
image-segment data extracted by the input-image
image-segment extraction step of Fig. 43 is applied
to the color image compression method described
in connection with the second embodiment;
Fig. 50 is a diagram showing an example in which
image-segment data extracted by the input-image
image-segment extraction step of Fig. 43 is applied
to the structuring of a document image described in
connection with the third embodiment;
Fig. 51 is a diagram showing the constitution of an
input-image image-segment extraction step ac-
cording to a sixth embodiment of the present inven-
tion;
Fig. 52 is a diagram showing the form of processing
of the input-image image-segment extraction step
depicted in Fig. 51;
Fig. 53 is a diagram showing the constitution of an
input-image image-segment extraction step ac-
cording to a seventh embodiment of the present in-
vention;
Fig. 54 is a diagram showing the form of processing
of the input-image image-segment extraction step
depicted in Fig. 53;
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Fig. 55 is a diagram for describing a group of image
segments of the same level; and
Figs. 56A and 56B are diagrams showing an exam-
ple of the memory map of a storage medium storing
program code means according to the present in-
vention.

[0029] According to the gist of the present invention,
a color document image in which image segments hav-
ing different components (segmentation components)
are mixed undergoes image-segment extraction and
discrimination of components. An "image-segment" is a
linked portion having the same characteristic in an im-
age. By focusing on an image segment which becomes
the background, image segments contained in an image
are extracted and the components of each image seg-
ment (hereinafter referred to as "image-segmentation
components") are discriminated.
[0030] An image-segmentation component indicates
the properties of an image segment, such as whether
an image segment is one comprising a character or a
line drawing, one comprising a photograph or one which
is a color image segment. Examples of image-segment
components are described below. Specifically, an image
segment of a document image is described as having
any of the following image-segment components, for ex-
ample: a "continuous color tone", a "limited-color char-
acter or line drawing", a "limited-color pseudo-halftone",
a "continuous monochromatic tone" a "limited-value
character or line drawing" and a "limited-value pseudo-
halftone". Though the details of these image-segment
components will be set forth below, it is of course pos-
sible to use image-segment components based upon a
simpler or more detailed classification.

• Continuous color tone: an image segment in which
the original is a color photograph

• Limited-color character or line drawing: an image
area in which the original is a character or line draw-
ing in a color other than black

• Limited-color pseudo-halftone: an image segment
in which the original is a colorized photograph that
has been subjected to pseudo-halftone processing

• Continuous monochromatic tone:- an image seg-
ment in which the original is a black-and-white gray-
scale photograph

• Limited-value character or line drawing: an image
area in which the original is a black-and-white char-
acter or line drawing

• Limited-value pseudo-halftone: an image segment
in which the original is a black-and-white photo-
graph that has been subjected to pseudo-halftone
processing

[0031] The segmentation of image segments in a
color document image at the center of the present in-
vention will now be described in simple terms.
[0032] An image segment having an image-segment

component in a document image is considered to be one
delimited by the background. In other words, image seg-
ments can be extracted by partitioning an input image
at portions delimited by the background. However, while
a black-and-white original generally has a "white" back-
ground color, the background color of a color original is
not necessarily white. In the case of a color original,
moreover, a certain background often is overlapped by
backgrounds of other colors. Accordingly, in the present
invention, extraction of background and the partitioning
of image segments based upon the background are re-
peated recursively with respect to image segments (in-
itially the input image), whereby segmentation of images
areas is achieved.
[0033] Fig. 1 is a diagram showing a procedure for
segmenting image segments according to the present
invention.
[0034] First, a background 5002 is extracted from an
input image 5001, then image segments 5003 and 5004,
which can be segmented using the background 5002,
are extracted. Since no further extraction of background
can be performed with regard to the image segment
5003, segmentation of image segments is concluded for
this image segment. With regard to area 5004, however,
a background 5005 can be extracted and image seg-
mentation is continued for this image segment. Image-
segment components are discriminated with regard to
each image segment thus segmented from the input im-
age.
[0035] An image segment indicative of background
shall be referred to as a "background image segment",
and an image segment indicative of something other
than background shall be referred to as a "general im-
age segment". Further, an image segment currently be-
ing processed, namely an image segment containing an
image segment for which judgment as to whether or not
it includes background is incomplete and an image seg-
ment containing a plurality of image segments shall be
referred to as an "intermediate image segment", and an
image segment (inclusive of a background image seg-
ment) for which partitioning processing has been com-
pleted shall be referred to as a "final image segment".
It should be noted that an input image is also an inter-
mediate image segment.
[0036] An image processing apparatus according to
embodiments of the present invention will now be de-
scribed in detail with reference to the drawings.
[0037] The image processing apparatus and method
described below can be utilized in pixel-density conver-
sion or zoomed output in a device, such as a color print-
er, which handles a color document image, in pixel-den-
sity conversion at the time of enlargement/reduction and
output in a DTP system, and in pixel-density conversion
and zoomed output in a color facsimile. Further, the im-
age processing apparatus and method can be utilized
in reducing quantity of data at the time of image com-
munication in a color facsimile or in the network equip-
ment of a LAN or the like, and when storing a color image
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in a storage device such as a magnetic disk device.

<First Embodiment>

[Processing procedure]

[0038] Fig. 2 is a diagram showing a processing pro-
cedure for a case in which the present invention is ap-
plied to color image zoom processing in an image
processing apparatus.
[0039] As shown in Fig. 2, a digital color image to be
processed is inputted at a color image input step 1 and
image segments are extracted from the input color im-
age at an image-segment extraction step 2, thereby cre-
ating data representing the extracted image segments
(this data shall be referred to as "image-segment data").
Next, each extracted image segment is discriminated for
image-segment components at an image-segment dis-
crimination step 3 and each extracted image segment
is subjected to zoom processing conforming to the dis-
criminated image-segment component at an adaptive
zooming step 4, thereby creating a zoomed image of the
input image. Then, at a color image output step 5, the
created zoomed image is displayed, outputted as a hard
copy or outputted to a communication line.

[Construction of apparatus]

[0040] Fig. 3 is a block diagram showing the construc-
tion of an image processing apparatus which executes
the processing shown in Fig. 2, and Fig. 4 is a block
diagram showing hardware for implementing the ar-
rangement of Fig. 3.
[0041] The hardware shown in Fig. 4 will be described
first. The hardware includes a CPU 2001, a bus 2007
for interconnecting the CPU 2001 and other compo-
nents mentioned below, a ROM 2004 in which programs
executed by the CPU and data are stored in advance,
a RAM 2006 utilized as the working memory of the CPU
2001, a storage device 2002 such as a hard disk or mag-
neto-optical disk for storing programs and image data,
a disk input/output unit 2003 for data input/output with
respect to the storage device 2002, a color image input
unit 2008, a color image output unit 2009, and an input/
output port 2005 for input/output of data with respect to
the color image input/output units 2008, 2009.
[0042] In accordance with a program stored before-
hand in the ROM 2004 or storage device 2002, the CPU
2001 controls each of the aforementioned components
via the bus 2007 and provides the color image output
unit 2009 with results obtained by applying processing
to color image data inputted from the color image input
unit 2008 or color image data stored in the storage de-
vice 2002, wherein the RAM 2006 is used as a working
area.
[0043] As shown in Fig. 3, a color image input unit
1001 inputs digital color image data to be processed and
stores this data in an input image memory 1006. Under

the control of the CPU 2001 which operates in accord-
ance with the program stored in the ROM 2004 or stor-
age device 2002, the color image input unit 1001 inputs
the color image data using the color image output unit
2009 and stores the color image data in the RAM 2006
or storage device 2002. It should be noted that the color
image input unit 1001 may be an input unit for reading
in an image by a color image scanner, an input unit
which receives color image data from a communication
line, an input unit for reading in color image data that
has been stored in an image storage device or a com-
bination of these input units.
[0044] An image-segment extraction unit 1002 ex-
tracts image segments from the image that has been
stored in an input image memory 1006 and stores the
extracted image-segment data in an image-segment
data memory 1007. An image-segment discrimination
unit 1003 discriminates image-segment components in
each image segment extracted by the image-segment
extraction unit 1002 and stores the image-segment
components in the image-segment data memory 1007.
An adaptive zoom unit 1004 subjects each image seg-
ment extracted by the image-segment extraction unit
1002 to zoom processing conforming to the image-seg-
ment component discriminated by the image-segment
discrimination unit 1003, thereby creating an image ob-
tained by zooming the input image, and stores the image
data representing the zoomed image in a zoomed-im-
age memory 1008. It should be noted that information
indicating the attribute of each image segment is stored
in the image-segment data memory 1007.
[0045] The image-segment extraction unit 1002, im-
age-segment discrimination unit 1003 and adaptive
zoom unit 1004 can be constructed by the CPU 2001,
which operates in accordance with the program stored
in the ROM 2004 or storage device 2002, and the RAM
2006 used as the working area or the storage device
2002. It goes without saying that the units 1002, 1003
and 1004 may also be constructed of there own CPUs,
RAMs and storage devices and may be implemented by
their own hardware.
[0046] A color image output unit 1005 outputs the
zoomed image data created by the adaptive zoom unit
1004 and stored in the zoomed-image memory 1008.
The destination of this output is a display, a printer or
copier for making hard copies, a communication line or
an image storage device. An arrangement can be adopt-
ed in which, under the control of the CPU 2001 which
operates in accordance with the program stored in the
ROM 2004 or storage device 2002, the color image out-
put unit 1005 outputs the zoomed image data, which has
been stored in the RAM 2006 or storage device 2002,
to the color image output unit 2009.
[0047] The input image memory 1006, the image-seg-
ment data memory 1007 and the zoomed-image mem-
ory 1008 can also be realized by the RAM 2006 or stor-
age device 2002. It goes without saying that these mem-
ories can be realized by their own storage devices.
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[Details of processing]

[0048] The main steps shown in Fig. 2 will now be de-
scribed in detail while using the arrangement of Fig. 3.

Image-segment extraction step

[0049] At the image-segment extraction step 2, image
segments are extracted from the color image that has
been stored in the input image memory 1006 at the color
image input step 1, data representing the extracted im-
age segment is created and the data is stored in the im-
age-segment data memory 1007.
[0050] The image-segment image data will now be
described.
[0051] Fig. 5A is a diagram showing an overview of
the image-segment data. The image-segment data ex-
presses a group of image segments in an input image
by a tree structure in which each image segment is
adopted as a node. The parent-child relationship of the
tree structure represents the image-segment inclusion
relationship. A node representing an intermediate im-
age segment has child nodes which represent one back-
ground image segment and several intermediate image
segments or general image segments contained in an
intermediate image segment.
[0052] Fig. 5B is a diagram illustrating items of data
representing each node, namely each individual image
segment. Each item of image-segment data is com-
posed of "image-segment type", "image-segment posi-
tion", "image-segment shape", "image-segment compo-
nent", "image-segment color", "parent node" and "child
node". The details are as follows:

• Image-segment type: indicates the type of image
segment (background image segment, general im-
age segment, intermediate image segment)

• Image-segment position: indicates the coordinates
(upper-left xy coordinates, width, height) of a cir-
cumscribed rectangle enclosing the image segment

• Image-segment shape: the shape of the image seg-
ment expressed by a binary image

• Image-segment component: indicates which im-
age-segment component the image segment has
been discriminated as

• Image-segment color: stores the average RGB val-
ue in case of a limited-color or limited-value image-
segment component

• Parent node: a pointer indicating a parent node
• Child nodes: a plurality of pointers indicating child

nodes

[0053] It should be noted that a black pixel (pixel value
= "1") of a binary image representing the shape of an
image segment indicates an image segment, and that
the size of the binary image and positions on the input
image correspond to the position of a rectangle indicat-
ed at the position of image segment.

[0054] Fig. 6 is a diagram showing the detailed pro-
cedure of the image-segment extraction step 2. Accord-
ing to the image-segment extraction step 2, as de-
scribed above, an image segmentation step 20, through
which an intermediate image segment (inclusive of the
input image) contained in an image is further segmented
into a background image segment and an intermediate
image segment, is repeated recursively until completion
of the image segmentation step 20 has been determined
by an unsegmented image-segment search step 21.
The result is extraction of image segments.
[0055] The unsegmented image-segment search
step 21 searches for image-segment data stored in the
image-segment data memory 1007 and searches for in-
termediate image segments for which segmentation is
incomplete, namely intermediate image segments not
having any child nodes. In a case where the image-seg-
ment data has an intermediate image segment for which
segmentation is incomplete, the image segmentation
step 20 is performed using this intermediate image seg-
ment as an input intermediate image segment. In a case
where the image-segment data does not have an inter-
mediate image segment for which segmentation is in-
complete, the image-segment extraction step 2 is termi-
nated.
[0056] The image segmentation step 20 inputs an in-
termediate image segment (inclusive of the input image)
and judges whether the inputted-intermediate image
segment can be further segmented into a background
image segment and several intermediate image seg-
ments. If it is judged that further segmentation is impos-
sible, the inputted intermediate image segment is deter-
mined to be a final image segment and this information
is registered in the image-segment data of this image
segment stored in the image-segment data memory
1007. If it is judged that further segmentation is possible,
then the inputted intermediate image segment is seg-
mented into a background image segment and several
intermediate image segments and this information is
registered in the image-segment data of this image seg-
ment stored in the image-segment data memory 1007.
[0057] More specifically, if, by way of example, the im-
age segment 5003 shown in Fig. 1 is an input interme-
diate image segment and it is judged that an intermedi-
ate image segment cannot be segmented from the im-
age segment 5003, the image segment 5003 is deter-
mined to be a final image segment. Further, if the image
segment 5004 shown in Fig. 1 is an input intermediate
image segment and it is judged that an intermediate im-
age segment can be segmented from the image seg-
ment 5004, the background image segment 5005 and
the intermediate image segment 5006 are segmented
from the image segment 5004.
[0058] A background image segmentation step 22 de-
termines whether the inputted intermediate image seg-
ment has a background image segment. If the back-
ground image segment is judged to be present, the
background image segment is segmented. According to
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an intermediate image segmentation step 23, an image
segment other than the image segment segmented as
the background image segment at the background im-
age segmentation step 22 is segmented into several in-
termediate image segments using a geometrical rela-
tionship. More specifically, connected pixels or connect-
ed pixels which are nearly geometrical are adopted as
being one intermediate image segment. According to an
image-segment registration step 24, image segments
segmented at the background image segmentation step
22 and intermediate image segmentation step 23 are
registered in the image-segment data memory 1007.
The details of the background image segmentation step
22, intermediate image segmentation step 23 and im-
age-segment registration step 24 will be described be-
low.
[0059] Fig. 7 is a diagram showing the detailed pro-
cedure of the background image segmentation step 22.
A background color extraction step 211 analyzes the
colors of the inputted intermediate image segment and
judges whether the inputted intermediate image seg-
ment contains a color indicative of a background image
segment. More specifically, the judgment is performed
on the basis of whether pixels having a color in a specific
range occupy the major part of the inputted intermediate
image segment. A binarization step 212 creates a binary
image indicative of the background image segment us-
ing the color indicating the background image segment
extracted at the background color extraction step 211.
A background image-segment shaping step 213 re-
moves noise and small image segments from the binary
image representing the background image segment
created at the binarization step 212, shapes the back-
ground image segment and verifies, by the processing
for removing small areas, whether the background im-
age segment will vanish.
[0060] Fig. 8 is a flowchart illustrating a procedure for
implementing the background image segmentation step
22 by the processing executed by the CPU 2001.
[0061] Steps S101 from S103 correspond to the back-
ground color extraction step 211.
[0062] More specifically, a color histogram is created
in the working memory (RAM 2006 or storage device
2002) at step S101. For example, in a case where the
input image is expressed in an RGB colorimetric sys-
tem, the color histogram is three-dimensional data of
RGB representing the frequency of occurrence of the
color of each pixel in the intermediate image segment,
namely the ratio of the number of pixels having a certain
RGB value to the number of pixels of the intermediate
image segment. It should be noted that quantization
may be performed again when the color histogram is
created. For example, in a case where an image of eight
bits per R, G, B has been inputted, creating a color his-
togram while re-quantizing to four bits or seven bits re-
sults in a more complicated process. However, the
memory size for storing the histogram can be reduced.
An additional effect is that even if the color of the back-

ground image segment is uneven, a background image
segment can be segmented in stable fashion.
[0063] Further, the colorimetric system of the image
to be processed need not be an RGB colorimetric sys-
tem. For example, a color histogram ix created by trans-
forming the input image to another colorimetric system
in advance, e.g., an L*a*b* colorimetric system, an
L*u*v* colorimetric system or an HSI colorimetric sys-
tem. In case the dimensions of the color histogram also
use the dimensions of the three components of the con-
verted colorimetric system. For example, in case of the
L*a*b* colorimetric system, the three-dimensional data
of L*a*b* is used. Though the process becomes more
complicated by using another colorimetric system such
as the L*a*b* system, an advantage is that a back-
ground image segment close to human vision can be
segmented. A case in which a color histogram is created
in the RGB colorimetric system will be described below.
[0064] Next, the color having the high frequency of oc-
currence (namely a color which is a candidate for the
background color) is obtained at step 102. This is fol-
lowed by step S103, at which it is determined whether
the maximum frequency obtained is greater than a
threshold value th. If the maximum frequency is less
than the threshold value th, then it is decided that the
inputted intermediate image segment does not contain
a background image segment and the background im-
age segmentation step 22 is terminated. If the maximum
frequency is greater than the threshold value th, then it
is decided that the inputted intermediate image segment
contains a background image segment and the program
proceeds to step S104. The threshold value th, which is
decided upon taking the properties of the input image
into account, is 0.5 (50%), by way of example.
[0065] Step S104, which corresponds to the binariza-
tion step 212, creates, in the working memory, a binary
image of the intermediate image segment binarized to
the pixel having the color of maximum frequency and
the pixels other than this pixel. For example, the binary
image created is one in which the pixel having the color
of maximum frequency is made "1" and the other pixels
are made "0"s.
[0066] Steps S105 through S109 correspond to the
background image-segment shaping step 213.
[0067] Specifically, noise in the created binary image
is removed at step S105 by applying well-known reduc-
tion/enlargement processing, and small areas are re-
moved from the noise-free binary image at steps S106
through S108. First, with regard to the noise-free binary
image, a label image is created in the working memory
and connected components are extracted by well-
known labeling processing at step S106. The label im-
age is one in which a unique number is assigned to each
connected component and the numbers are made the
pixel values of the connected components. Next, the
number of pixels (the area) of each connected compo-
nent is obtained and stored in the working memory at
step S107. Next, at step S108, connected components
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for which the numbers of pixels is less than the threshold
value (namely connected components of small area) are
eliminated. In other words, the values of pixels corre-
sponding to these connected components of the binary
image are made "0"s.
[0068] Next, it is determined at step S109 whether
there are any remaining connected components (back-
ground image segments). If the answer is "YES", then
it is determined that there is a background image seg-
ment; otherwise, it is determined that there are no back-
ground image segments. In a case where there is a
background image segment, a binary image indicative
of a background image segment remains in the working
memory.
[0069] Fig. 9 is a flowchart illustrating a procedure for
implementing the intermediate image segmentation
step 23 by processing executed by the CPU 2001.
[0070] Step S201 creates an image segment other
than a background image segment obtained by revers-
ing the blacks and whites of the binary image segment
indicating the background image segment created at the
background image segmentation step 22, namely by
changing "1" pixels to "0" pixels and changing "0" pixels
to "1" pixels. In other words, a binary image indicating
an intermediate image segment in the inputted interme-
diate image segment is created. This binary image is
stored in a working memory.
[0071] Next, at step S202, the binary image that has
undergone the black-white reversal is segmented into
intermediate image segments and neighboring compo-
nents are extracted. "Neighboring components" are a
set of closely adjacent (connection is not required) black
pixels adopted as one component in a binary image.
These neighboring components are adopted as an in-
termediate image segment. In a document image, for
example, neighboring components" refers to a column
comprising a collection of characters that are not con-
nected but closely adjacent. A method of extracting
neighboring components is that reported by Ito et al.
(see "Parallel Field Segmentation of Free-Format Doc-
uments", 1979 Information Processing Society of Ja-
pan, 20th All-Japan Convention, 2E-1).
[0072] Next, a circumscribed rectangle indicating the
position of extracted neighboring components is calcu-
lated and stored in the working memory at step S203.
[0073] By virtue of the foregoing procedure, an image
segment other than a background image segment can
be segmented into one or a plurality of intermediate im-
age segments from the inputted intermediate image
segment and the position (circumscribed rectangle)
thereof can be stored in the working memory.
[0074] Fig. 10 is a flowchart illustrating a procedure
for implementing the image-segment registration step
24 by processing executed by the CPU 2001. In a case
where it has been determined at the background image
segmentation step 22 that a background image seg-
ment is present in the inputted intermediate image seg-
ment, the segmented background image segment and

the intermediate image segment are registered in the
form illustrated in Figs. 5A and 5B. If it has been deter-
mined that a background image segment is not present,
the inputted intermediate image segment is registered
as a general image segment. More specifically, it is de-
termined at step S200 whether a background image
segment is present.- If the background image segment
is not present, the program proceeds to step S219, at
which the image-segment type of the node indicating the
inputted intermediate image segment is changed to
"general image segment" and the processing is termi-
nated.
[0075] If a background image segment is found at
step S200, a new node indicating an image segment is
created at step S211, the image-segment type is regis-
tered for the new mode at step S212 and the type of
image segment to be processed is discriminated at step
S213. If the type of image segment is a background im-
age segment, a binary image indicating the background
image segment is registered for the shape of the image
segment of the new node at step S214. If the type of
image segment discriminated at step S213 is an inter-
mediate image segment, position information obtained
from the circumscribed rectangle is registered for the im-
age-segment position of the new node at step S215.
Next, step S216 registers a black-white reversed binary
image, which indicates the intermediate image seg-
ment, for the shape of the image segment of the new
node. It should be noted that the image-segment posi-
tion of the background image segment is the same as
the image-segment position of the parent node (the in-
put intermediate image segment). Hence, the registra-
tion of this position is eliminated.
[0076] Next, the inputted intermediate image seg-
ment is registered as the parent node of the new node
at step S217 and the new node is registered as a child
node of the node indicating this input intermediate im-
age segment at step S218. Processing is then terminat-
ed.

Image-segment discrimination step

[0077] The image-segment discrimination step 3 dis-
criminates the type of each image segment extracted at
the image-segment extraction step 2 and stores the re-
sult of discrimination in the image-segment data. An ex-
ample will now be described in which it is determined
whether each image segment is a "continuous color
tone", a "limited-color character or line drawing", a "lim-
ited-color pseudo-halftone", a "continuous monochro-
matic tone", a "limited-value character or line drawing"
or a "limited-value pseudo-halftone".
[0078] Fig. 11 is a diagram illustrating the detailed pro-
cedure of the image-segment discrimination step 3. Ac-
cording to the image-segment discrimination step 3, it
is determined by a color/monochromatic discrimination
step 32 whether an image segment of interest is color
or monochromatic (grayscale or black and white), then
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it is determined whether a color image segment is a con-
tinuous color tone or a limited color at a continuous color
tone/limited-color discrimination step 33, and it is deter-
mined whether a monochromatic image segment is a
continuous color tone or a limited value by a continuous
monochromatic tone/limited-value discrimination step
34. With regard to an image segment discriminated as
being a limited color or limited value, it is determined
whether the image segment is the image segment of a
character or line drawing or the image segment of a
pseudo-halftone by a character or line-drawing/pseudo-
halftone discrimination step 35. Under the control of an
image-segment discrimination control step 31, the fore-
going steps are repeated until there are no longer any
undiscriminated image segments. As a result, image-
segment components of each image segment are dis-
criminated.
[0079] Fig. 12 is a diagram showing examples of dis-
tributions of RGB values in four image-segment compo-
nents. Fig. 12 illustrates examples of RGB value distri-
butions of the following image segments shown clock-
wise from the upper left: a "continuous color tone" image
segment, a "continuous monochromatic tone" image
segment, a "limited-color" image segment, and a "limit-
ed-value" image segment.
[0080] The color/monochromatic discrimination step
32 discriminates whether an image segment of interest
is color (an image segment of a continuous color tone
or a limited-color image segment) or monochromatic (an
image segment of a continuous monochromatic tone or
a limited-value image segment). More specifically, as
shown in Fig. 12, by utilizing the fact that the saturation
of each pixel in case of a monochromatic image seg-
ment takes on a value near zero (R = G = B in an RGB
colorimetric system), a monochromatic image is judged
to be an image segment wherein there is a single. sat-
uration, at which the frequency in the saturation histo-
gram of the image segment indicates a peak, in the vi-
cinity of zero and, moreover, wherein there is little vari-
ance in the histogram.
[0081] Fig. 13 is a flowchart illustrating a procedure
for implementing the color/monochromatic discrimina-
tion step 32 by processing executed by the CPU 2001.
[0082] At step S301, saturation is calculated from the
pixel values (e.g., RGB values) in the image segment,
a saturation histogram is created and the histogram is
stored in the working memory. In a case where this is
expressed in a colorimetric system which already in-
cludes a saturation component (S in case of HSI), as in
an HSI colorimetric system, for example, the saturation
histogram can be created directly using the saturation
component. Next, the saturation at which the frequency
of the saturation histogram peaks is detected at step
S302, the variance of the saturation histogram is calcu-
lated at step S302 and image segment discrimination is
performed at step S304 using the saturation and vari-
ance obtained. This discrimination involves judging that
the image segment is a monochromatic image segment

if there is a single saturation, which is located in the vi-
cinity of zero (i.e., which is below a predetermined
threshold value), at which the frequency peaks and,
moreover, the variance is less than a predetermined
threshold value. The image segment is judged to be a
color image segment in all other cases.
[0083] Fig. 14 is a flowchart illustrating another exam-
ple of a procedure for implementing the color/monochro-
matic discrimination step by processing executed by the
CPU 2001. Though the precision of discrimination is in-
ferior in comparison with the procedure of Fig. 13, dis-
crimination can be performed in simpler fashion.
[0084] A variable E is reset to zero at step S401, the
absolute value (|R-G|) of the difference between the R
and G values of a pixel of interest in the image segment
of interest is added to the variable E at step S402, and
the absolute value (|R-B|) of the difference between the
R and B values of a pixel of interest in the image seg-
ment of interest is added to the variable E at step S403.
The processing of steps S402 and S403 is repeatedly
executed for all pixels of the image segment. This is
judged at step S404. If the processing of all of these
pixels is finished, a value (E/N) which is the result of
dividing the variable E by the number N of pixels in the
image segment of interest is compared with a predeter-
mined threshold value th at step S405. The image seg-
ment is judged to be a color image segment if E/N > th
holds and to be a monochromatic image segment in all
other cases. In other words, according to this method,
whether the image segment is judged to be a color im-
age segment or a monochromatic image segment de-
pends upon the average value of the sum of the absolute
values of R-G and R-B of all pixels of the image seg-
ment.
[0085] Next, as shown in Fig. 12, the continuous color
tone/limited-color discrimination step 33 makes use of
the fact that, in a case where the image segment is a
limited-color image segment, the pixel values of the area
concentrate in specific values. Based upon this fact, an
image segment wherein there is a single color at which
the frequency in the color histogram of the image seg-
ment indicates a peak and, moreover, there is little var-
iance in the color histogram, is judged to be a limited-
color image segment.
[0086] Fig. 15 is a flowchart illustrating a procedure
for implementing the continuous color tone/limited-color
discrimination step 33 by processing executed by the
CPU 2001.
[0087] At step S501, a color histogram is created from
the pixel values (e.g., the RGB values) of the image seg-
ment and the histogram is stored in the working memory.
Next, the number frequency peaks of the color histo-
gram is detected at step S502. Though the number of
colors for which the frequency is greater than a prede-
termined threshold value is adopted as the number of
peaks, neighboring peaks in the histogram are counted
as one peak. Next, the variance of the color histogram
is calculated at step S503, and the image-segment com-
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ponent is discriminated at step S504 from the obtained
number of peaks and variance. This discrimination in-
volves judging that the image segment is a limited-color
image segment if the number of peaks is one and, more-
over, the variance is less than a predetermined thresh-
old value. The image segment is judged to be an image
segment of a continuous color tone in all other cases.
[0088] Next, as shown in Fig. 12, the continuous mon-
ochromatic tone/limited-value discrimination step 34
makes use of the fact that, in a case where the image
segment is a limited-value image segment, the pixel val-
ues of the area concentrate in specific values. Based
upon this fact, an image segment wherein there is a sin-
gle lightness at which the frequency in the lightness his-
togram of the image segment indicates a peak and,
moreover, there is little variance in the lightness histo-
gram, is judged to be a limited-value image segment.
[0089] Fig. 16 is a flowchart illustrating a procedure
for implementing the continuous monochromatic tone/
limited-value discrimination step 34 by processing exe-
cuted by the CPU 2001.
[0090] At step S601, lightness is calculated from the
pixel values (e.g., RGB values) in the image segment,
a lightness histogram is created and the histogram is
stored in the working memory. In a case where this is
expressed in a colorimetric system which already in-
cludes lightness, as in the case of an HSI colorimetric
system, the lightness histogram can be created directly.
Next, the number frequency peaks of the lightness his-
togram is detected at step S602. Though the number of
lightnesses for which the frequency is greater than a
predetermined threshold value is adopted as the
number of peaks, neighboring peaks in the histogram
are counted as one peak. Next, the variance of the light-
ness histogram is calculated at step S603, and the im-
age-segment component is discriminated at step S604
from the obtained number of peaks and variance. This
discrimination involves judging that the image segment
is a limited-value image segment if the number of peaks
is one and, moreover, the variance is less than a prede-
termined threshold value. The image segment is judged
to be an image segment of a continuous monochromatic
tone in all other cases.
[0091] The character or line-drawing/pseudo-halftone
discrimination step 35 will now be described.
[0092] Many techniques for discriminating between
characters or line drawings and pseudo-halftone image
segments have been proposed as image segmentation
techniques applied to binary images or multivalued im-
ages. Here such a technique proposed by the present
applicant will be described as one example.
[0093] In this embodiment, as set forth above, a bina-
ry image indicating the shape of an input image segment
is crated at the intermediate image segmentation step
3 and the binary image is stored as image-segment data
of the form illustrated in Figs. 5A and 5B. In the character
or line-drawing/pseudo-halftone discrimination step 35,
the image-segment shape (binary image) of an image

segment to be discriminated is inputted and it is deter-
mined whether this is the image segment of a character
or line drawing or the image segment of a pseudo-half-
tone.
[0094] Fig. 17 is a block diagram showing the con-
struction of an image segmentation unit 3000 for imple-
menting the discrimination processing described above.
Though the image segmentation unit in Fig. 17 is imple-
mented by its own hardware, it goes without saying that
it can be implemented also by software and the CPU
2001 of the apparatus shown in Fig. 4.
[0095] As shown in Fig. 17, numeral 3010 denotes a
data holding unit for sequentially updating and holding
each pixel value in a small area necessary for image-
segment discrimination processing. The data holding
unit 3010 receives digital binary image data 3040 that
is inputted in a raster scanning format. As shown in Fig.
18, the data holding unit 3010 holds data of a total of 64
pixels in an area 324 of a maximum of 8 x 8 pixels neigh-
boring a pixel of interest 321. The data held is updated
to data of the corresponding area in sync with the up-
dating (sequential movement by raster scanning) of the
position of the pixel of interest 321.
[0096] Fig. 19 is a block diagram showing the con-
struction of the data holding unit 3010. Numeral 3011
denotes a line buffer, which is constituted by a FIFO
memories or the like, for holding data equivalent to sev-
en lines immediately preceding the line currently being
inputted. Numeral 3012 denotes a latch group for hold-
ing eight pixels of data per line, for a total of 64 items of
data.
[0097] With reference again to Fig. 17, numeral 3020
denotes an image-segment discriminator for discrimi-
nating whether the pixel of interest 321 is a pixel in a
pseudo-halftone area based upon data of a pixel group
which includes the pixel of interest 321 forming the small
area 324 outputted by the data holding unit 3010. The
image-segment discriminator 3020 includes an isolat-
ed-pixel discriminator 3021, a periodicity discriminator
3022 and a high-frequency component discriminator
3023. These three discriminators judge whether condi-
tions that differ from one another are satisfied. If any one
of the conditions is satisfied, an OR gate 3024 outputs
a signal 3050 indicating that the pixel of interest 321 is
a pixel in a pseudo-halftone area. More specifically, the
OR gate 3024 outputs the signal 3050, which is indica-
tive of the pseudo-halftone area, if the pixel of interest
321 is an isolated point or a pixel contained in an isolat-
ed-pixel area, a periodic-pixel area or a high-frequency
component area.
[0098] The isolated-pixel discriminator 3021 deter-
mines whether the pixel of interest 321 resides in an iso-
lated-pixel area. More specifically, with regard to each
of 16 pixels in a 4 3 4 pixel area 322 shown in Fig. 20,
it is determined by detection whether four pixels (Fig.
21), namely the pixels above, below and to the left and
right, are all pixels of identical value (all white pixels or
all black pixels) and whether the values of these four
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pixels differ from the value of the center pixel (k, ø). If
the results of detecting the 16 pixels are obtained and
two or more of these pixels satisfy the above-mentioned
condition, then it is decided that the pixel of interest 321
in the 4 3 4 pixel area 322 resides in an isolated-pixel
area. In other words, among the 16 pixels in the pixel
area 322 neighboring the pixel of interest 321, it is de-
termined whether isolated pixels (black pixels or white
pixels not connected at the top, bottom, left or right) are
two or more in number. If isolated pixels are two or more,
then the pixel of interest 321 is judged to reside in an
isolated-pixel area.
[0099] The periodicity discriminator 3022 determines
whether a pixel value is repeated at a predetermined
pixel period. More specifically, with the exception of a
case in which the 64 pixels in the 8 3 8 pixel area 324
in Fig. 18 are all white pixels or all black pixels, it is de-
termined whether pixel values of four pixels segmented
from each other by four pixels in the main-scan direction
and/or by four pixels in the sub-scan direction, e.g., the
pixel values of pixels A, B, C, D indicated by the hatching
in Fig. 18, are all the same or not. It should be noted
that, in the 8 3 8 pixel area 324, it is possible to define
16 sets of four pixels in the relative positional relation-
ship of the kind indicated by the pixels A, B, C, D. In
each of these 16 sets, it is determined whether the pixel
values of the four pixels are all equal or not. If they are,
say, 14 sets in which the four pixels are all equal, it is
determine that the portion is a periodic portion, namely
a dither portion, with the exception of a case where all
64 pixels are white pixels or black pixels.
[0100] The high-frequency component discriminator
3023 determines whether a change is density occurs
frequently between adjacent pixels. More specifically, in
a 6 3 6 pixel area shown in Fig. 22, the discriminator
3023 determines whether there is a difference between
the pixel values of two mutually adjacent pixels in 60
sets thereof obtained by combining 30 combinations (in-
dicated by the horizontal bidirectional angles in Fig. 22)
between two mutually adjacent pixels of 36 pixels in the
horizontal (main-scan) direction and 30 combinations
(indicated by the vertical bidirectional angles in Fig. 22)
between two mutually adjacent pixels of 36 pixels in the
vertical (sub-scan) direction. Further, if there are, say,
28 or more sets of mutually different combinations, the
discriminator 3023 judges that a pixel resides in a high-
frequency component area.
[0101] The results of discrimination (the image-seg-
ment components of each image segment) at the im-
age-segment discrimination step 3 are stored, as im-
age-segment components of each image segment, in
the image-segment data in the image-segment data
memory 1007. With regard to an image segment judged
as being each image-segment component of a limited-
color character or line drawing, a limited-color pseudo-
halftone, a limited-value character or line drawing or a
limited-value pseudo-halftone, the mean color in the im-
age segment (e.g., the average pixel value of each of

the colors RGB) is calculated and this is stored, as the
mean color of the image segment, in the image-segment
data in the image-segment data memory 1007.

Adaptive zooming step

[0102] The adaptive zooming step 4 subjects each im-
age segment extracted at the image-segment extraction
step 2 to zoom processing conforming to the image-seg-
ment component discriminated at the image-segment
discrimination step 3, thereby creating a zoomed image
of the input image.
[0103] Fig. 23 is a diagram illustrating the detailed
procedure of the adaptive zooming step 4. The adaptive
zooming step 4 adapts the zooming step, which con-
forms to the image-segment component, for every im-
age segment and then combines the zoomed images of
the respective image segments, thereby creating a
zoomed image of the input image. This is performed un-
der the control of a zoom control step 41. More specifi-
cally, the image segment of a continuous color tone is
zoomed at a continuous color-tone image-segment
zooming step 42, the image segment of a limited-color
character or line drawing is zoomed at a limited-color
character/line-drawing image-segment zooming step
43, the image segment of a limited-color pseudo-half-
tone is zoomed at limited-color pseudo-halftone image-
segment zooming step 44, the image segment of a con-
tinuous monochromatic tone is zoomed at a continuous
monochromatic-tone image-segment zooming step 45,
the image segment of a limited-value character or line
drawing is zoomed at a limited-value character/line-
drawing image-segment zooming step 46, the image
segment of a limited-value pseudo-halftone is zoomed
by a limited-value pseudo-halftone image-segment
zooming step 47, and the resulting zoomed image seg-
ments are combined into a single zoomed image. Each
of these steps will now be described.
[0104] The zoom control step 41 adaptively applies
the zoom process conforming to an image-segment
component to each and every image segment until there
are no longer any image segments for which zooming
has not been completed. Fig. 24 is a diagram illustrating
a sequence of image segments which undergo zoom-
ing. Zooming is performed while pursuing image-seg-
ment nodes, which are described in image-segment da-
ta (having the tree structure), from route nodes (the most
significant nodes). However, the zooming of each image
segment must not be carried out ahead of a background
image segment which is one rank below a node superior
to the image segment itself. In other words, in a case
where an image segment inferior to one intermediate
image segment is zoomed, zooming must be performed
from the background image segment.
[0105] The continuous color-tone image-segment
zooming step 42 zooms an inputted image segment as
by a color image zooming method using linear interpo-
lation and writes the data of the zoomed image in the
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zoomed-image memory 1008. Though the writing of the
zoomed-image data in the zoomed-image memory
1008 is the same as in other steps, this performed based
upon the position of the zoomed image segment calcu-
lated from the image-segment position of the inputted
image segment.
[0106] According to the limited-color character/line
drawing image-segment zooming step 43, the binary im-
age stored as the image-segment shape data of the in-
putted image segment is zoomed by a well-known bina-
ry-image zooming method suited to a character or line-
drawing image, such as the method in Japanese Patent
Application No.
3-345062 already filed by the applicant, and the data of
this zoomed image is written in the zoomed-image
memory 1008. According to the limited-color pseudo-
halftone image-segment zooming step 44, the binary
image stored as the image-segment shape data of the
inputted image segment is zoomed by a binary-image
zooming method such as the SPC zooming method and
the data of this zoomed image is written in the zoomed-
image memory 1008. In the limited-color character/line
drawing image-segment zooming step 43 and the limit-
ed-color pseudo-halftone image-segment zooming step
44, the writing of the zoomed image data is performed
by writing the pixel value of the input image in a case
where pixel value of the zoomed binary image is "1" and
not writing a pixel for which the pixel value is "0". A value
written need not be a pixel value in the input image but
may be an image-segment color of the inputted image
segment. If such is the case, noise contained in the input
image can be removed.
[0107] According to the continuous monochromatic-
tone image-segment zooming step 45, an inputted im-
age segment is zoomed as by a color-image zooming
method using linear interpolation and the data of the
zoomed image is written in the zoomed-image memory
1008.
[0108] According to the limited-value character/line
drawing image-segment zooming step 46, the binary im-
age stored as the image-segment shape data of the in-
putted image segment is zoomed by the well-known bi-
nary-image zooming method suited to a character or
line-drawing image, such as the method in Japanese
Patent Application No. 3-345062 already filed by the ap-
plicant, and the data of this zoomed image is written in
the zoomed-image memory 1008. According to the lim-
ited-value pseudo-halftone image-segment zooming
step 47, the binary image stored as the image-segment
shape data of the inputted image segment is zoomed
by a binary-image zooming method such as the SPC
zooming method and the data of this zoomed image is
written in the zoomed-image memory 1008. In the lim-
ited-value character/line drawing image-segment
zooming step 46 and the limited-value pseudo-halftone
image-segment zooming step 47, the writing of the
zoomed image data is performed by writing the pixel val-
ue of the input image in a case where pixel value of the

binary image, which is obtained by SPC zooming of the
binary image stored as the image-segment shape data
of the inputted image segment, is "1" and not writing a
pixel for which the pixel value is "0". A value written need
not be a pixel value in the input image but may be an
area color of the inputted image segment or the color
black (e.g., in a case where the output image consists
of eight bits per each of the colors R, G, B, all pixel val-
ues of RGB are zero). If such is the case, noise con-
tained in the input image can be removed.
[0109] Further, the zoom ratio employs a value stored
in the ROM 2004 in advance or a value designated by
the user from a keyboard or DIP switch.
[0110] Thus, in accordance with this embodiment as
described above, a document image inputted as a color
image and consisting of a mixture of image segments
having different components is subjected to image seg-
mentation based upon the features of the color docu-
ment image, whereby it is possible to segment image
segments from the document image in excellent fashion
even if the document image is one having a plurality of
backgrounds whose colors are other than white. A seg-
mented image segment is subjected to zoom process-
ing that conforms to the characteristics of this area, as
a result of which a zoomed color image having excellent
image quality can be obtained.

<Second Embodiment>

[0111] An image processing apparatus according to
a second embodiment of the present invention will now
be described. Components in the second embodiment
similar to those of the first embodiment are designated
by like characters and need not be described in detail
again.

[Processing procedure]

[0112] Fig. 25 is a diagram showing a processing pro-
cedure for a case in which the present invention is ap-
plied to processing for compressing a color image in an
image processing apparatus. Steps from the color im-
age input step 1 to the image-segment discrimination
step 3 and the color image output step 5 are the same
as in the first embodiment and a detailed description
thereof is omitted.
[0113] In Fig. 25, an adaptive compression step 6 cre-
ates compressed data indicative of input image data by
applying each image segment extracted at the image-
segment extraction step 2 to compression processing
that conforms to the image-segment component of the
image segment discriminated by the image-segment
discrimination step 3. According to a compressed-data
output step 7, the compressed data created at the adap-
tive compression step 6 is outputted to a communication
line or image storage device, which are not shown. The
data compressed at the adaptive compression step 6
inputs from a communication line or image storage de-
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vice at a compressed-data input step 8. The data com-
pressed at the adaptive compression step 6 is repro-
duced as a color image at a color image reproduction
step 9. It should be noted that the steps from the color
image input step 1 to the compressed-data output step
7 are executed when the color image data is com-
pressed. The steps from the compressed-data input
step 8 to the color image output step 5 are executed
when the compressed data is reproduced.

[Construction of apparatus]

[0114] Fig. 26 is a block diagram showing the con-
struction of an image processing apparatus which exe-
cutes the processing shown in Fig. 25, and Fig. 27 is a
block diagram showing hardware for implementing the
arrangement of Fig. 26.
[0115] As shown in Fig. 27, this embodiment is further
provided with a data input unit 2010 and a data output
unit 2011, both of which are connected to the I/O port
2005.
[0116] As shown in Fig. 26, the color image input unit
1001 inputs digital color image data to be processed and
stores this data in the input image memory 1006. The
image-segment extraction unit 1002 extracts image
segments from the image that has been stored in an in-
put image memory 1006 and stores the extracted im-
age-segment data in an image-segment data memory
1007. The image-segment discrimination unit 1003 dis-
criminates image-segment components in each image
segment extracted by the image-segment extraction
unit 1002 and stores the image-segment components in
the image-segment data memory 1007. An adaptive
compression unit 1014 creates compressed data indic-
ative of input image data by applying each image seg-
ment extracted by the image-segment extraction unit
1002 to compression processing that conforms to the
image-segment component of the image segment dis-
criminated by the image-segment discrimination unit
1003. The compressed data is stored in a compressed-
data memory 1012.
[0117] A compressed-data output unit 1009 outputs
compressed data compressed by the adaptive com-
pression unit 1014 and stored in the compressed-data
memory 1012. The destination of this output is a com-
munication line or an image storage device. An arrange-
ment can be adopted in which, under the control of the
CPU 2001 which operates in accordance with a program
stored in the ROM 2004 or storage device 2002, the data
output unit 2011 outputs the compressed data that has
been stored in the RAM 2006 or storage device 2002.
[0118] The compressed-data input unit 1011 inputs
the compressed data from the communication line or im-
age storage device and stores the compressed data in
the compressed-data memory 1012. An arrangement
can be adopted in which, under the control of the CPU
2001 which operates in accordance with the program
stored in the ROM 2004 or storage device 2002, com-

pressed data sent via the communication line or com-
pressed data stored in the image storage device is in-
putted by the data input unit 2010.
[0119] A color image reproduction unit 1010 repro-
duces color image data from the compressed data that
has been stored in the compressed-data memory 1012
and stores the color image data in a reproduced-image
memory 1013. The reproduced color image data stored
in the reproduced-image memory 1013 is outputted by
the color image output unit 1005. The destination of this
output is a display, a printer or copier for making hard
copies, a communication line or an image storage de-
vice.
[0120] It should be noted that the adaptive compres-
sion unit 1014 and color image reproduction unit 1010
can be realized by the CPU 2001, which operates in ac-
cordance with the program stored in the ROM 2006 or
storage device 2002, and the RAM 2006 or memory de-
vice 2002 used as a working memory. It goes without
saying that these can also be realized by their own
CPUs, RAMs and memories or by their own hardware.
Further, the compressed-data memory 1012 and the re-
produced-image memory 1013 can be realized by the
RAM 2006 or memory device 2002. It goes without say-
ing that these memories can be realized by their own
storage devices.
[0121] Furthermore, in a case where compression of
the data and reproduction of the data are carried out in
segment units, as when compressed data is sent and
received via a communication line, this can be realized
using two devices, such as a device which performs da-
ta compression and a device which reproduces com-
pressed data, as illustrated in Fig. 28.

[Form of compressed data]

[0122] The form of the compressed data will be de-
scribed next. A tree structure in which the image seg-
ments shown in Fig. 5A serve as nodes is retained also
after the image data has been compressed.
[0123] Fig. 29 is a diagram showing the structure of
the compressed data. The compressed data is com-
posed of a header (referred to as a "compressed-data
header" below), in which are registered the image size
and the compression method for the type of image-seg-
ment component, and the compressed data (referred to
as "compressed image-segment data" below) of each
image segment. The compressed image-segment data
contains the image-segment data of the image seg-
ment.
[0124] Figs. 30A and 30B are diagrams showing the
form of image-segment data contained in compressed
image-segment data. Image-segment data whose form
is either of two types is held in dependence upon the
image-segment component. More specifically, in case
of a "limited-color character or line-drawing image seg-
ment", a "limited-color pseudo-halftone image seg-
ment", a "limited-value character or line-drawing image
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segment" or a "limited-value pseudo-halftone image
segment", image-segment data of the form shown in
Fig. 30A is held. Each element shown in Fig. 30A cor-
responds to a respective ones of the elements shown
in Fig. 5B. In the first embodiment, a binary image indic-
ative of the shape of an image segment is registered as
"image-segment shape". In the second embodiment,
however, a binary image compressed by a compression
method stored in the compressed-data header is regis-
tered as "image-segment shape".
[0125] In the case of a "continuous color-tone image
segment" or a "continuous monochromatic-tone image
segment", image-segment data of the form shown in
Fig. 30B is held. It should be noted that elements other
than "image-segment shape" and "image-segment im-
age data" correspond to respective ones of the elements
shown in Fig. 5B, data compressed by a compression
method registered in the compressed-data header is
registered as "image-segment image data" and a binary
image compressed by a method of compressing a lim-
ited-value character or line-drawing image segment is
registered as "image-segment shape".

[Details of processing]

[0126] The main steps shown in Fig. 25 will now be
described in detail while using the arrangement of Fig.
26. However, steps from the color image input step 1 to
the image-segment discrimination step 3 and the color
image output step 5 are the same as in the first embod-
iment and a detailed description thereof is omitted.

Adaptive compression step

[0127] The adaptive compression step 6 creates com-
pressed data indicative of input image data by applying
each image segment extracted at the image-segment
extraction step 2 to compression processing that con-
forms to the image-segment component discriminated
by the image-segment discrimination step 3.
[0128] Fig. 31 is a diagram showing the detailed pro-
cedure of the adaptive compression step 6. In accord-
ance with a compression control step 61, the adaptive
compression step 6 adapts the compression step, which
conforms to the particular image-segment component,
for every image segment, thereby creating compressed
data for each image segment, and stores the com-
pressed data in the compressed-data memory 1012.
More specifically, the image segment of a continuous
color tone is compressed at a continuous color-tone im-
age-segment compression step 62, the image segment
of a limited-color character or line drawing is com-
pressed at a limited-color character/line drawing image-
segment compression step 63, the image segment of a
limited-color pseudo-halftone is compressed at a limit-
ed-color pseudo-halftone image-segment compression
step 64, the image segment of a continuous monochro-
matic tone is compressed at a continuous monochro-

matic-tone image-segment compression step 65, the
image segment of a limited-value character or line draw-
ing is compressed at a limited-value character/line-
drawing image-segment compression step 66, and the
image segment of a limited-value pseudo-halftone is
compressed by a limited-value pseudo-halftone image-
segment compression step 67. Each of these steps will
now be described.
[0129] The compression control step 61 adaptively
applies the compression process conforming to an im-
age-segment component to each and every image seg-
ment until there are no longer any image segments that
have not been compressed.
[0130] The continuous color-tone image-segment
compression step 62 compresses a continuous color-
tone image segment and stores the created compres-
sion data in the compressed-data memory 1012. More
specifically, an image portion corresponding to the im-
age-segment position of node to be processed is com-
pressed by a coding method suited to a continuous color
tone and the compressed data is registered as the "im-
age-segment image data" shown in Fig. 30B. Further,
the "image-segment shape" in the image-segment data
stored in the image-segment data memory 1007 is com-
pressed by the compression method of a limited-value
character or line-drawing image segment, the com-
pressed data is registered in the "image-segment
shape" shown in Fig. 30B, and values the same as the
image-segment data are registered as the other ele-
ments. It should be noted that JPEG coding using DCT,
for example, is utilized as the coding method suited to
the continuous color tone.
[0131] The limited-color character/line drawing im-
age-segment compression step 63 compresses a limit-
ed-color character or line-drawing image segment and
stores the created compressed data in the compressed-
data memory 1012. More specifically, a binary image
stored as the image-segment shape of node to be proc-
essed is compressed by coding suited to a limited-color
character or line drawing, the compressed data is reg-
istered as "image-segment shape" shown in Fig. 30A,
and values the same as the image-segment data are
registered as the other elements. It should be noted that
MR/MMR coding, for example, is utilized as the coding
method suited to the limited-color character or line draw-
ing.
[0132] The limited-color pseudo-halftone image-seg-
ment compression step 64 compresses a limited-color
pseudo-halftone image segment and stores the created
compressed data in the compressed-data memory
1012. More specifically, a binary image stored as the
image-segment shape of node to be processed is com-
pressed by coding suited to a limited-color pseudo-half-
tone, the compressed data is registered as "image-seg-
ment shape" shown in Fig. 30A, and values the same
as the image-segment data are registered as the other
elements. It should be noted that JBIG coding, for ex-
ample, is utilized as the coding method suited to the lim-
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ited-color pseudo-halftone.
[0133] The continuous monochromatic-tone image-
segment compression step 65 compresses a continu-
ous monochromatic-tone image segment and stores the
created compressed data in the compressed-data
memory 1012. More specifically, an image portion cor-
responding to the image-segment position of a node to
be processed is compressed by coding suited to a con-
tinuous monochromatic tone and the compressed data
is registered as "image-segment image data" shown in
Fig. 30B. Further, "image-segment shape" in the image-
segment data stored in the image-segment data mem-
ory 1007 is compressed by a compression method for
a limited-value character or line-drawing image seg-
ment and the compressed data is registered as "image-
segment shape" shown in Fig. 30B, and values the
same as the image-segment data are registered as the
other elements. It should be noted that JPEG coding,
for example, is utilized as the coding method suited to
the continuous monochromatic tone.
[0134] The limited-value character/line drawing im-
age-segment compression step 66 compresses a limit-
ed-value character or line-drawing image segment and
stores the created compressed data in the compressed-
data memory 1012. More specifically, a binary image
stored as the image-segment shape of node to be proc-
essed is compressed by coding suited to a limited-value
character or line drawing, the compressed data is reg-
istered as "image-segment shape" shown in Fig. 30A,
and values the same as the image-segment data are
registered as the other elements. It should be noted that
MR/MMR coding, for example, is utilized as the coding
method suited to the limited-value character or line
drawing.
[0135] The limited-value pseudo-halftone image-seg-
ment compression step 67 compresses a limited-value
pseudo-halftone image segment and stores the created
compressed data in the compressed-data memory
1012. More specifically, a binary image stored as the
image-segment shape of node to be processed is com-
pressed by coding suited to a limited-value pseudo-half-
tone, the compressed data is registered as "image-seg-
ment shape" shown in Fig. 30A, and values the same
as the image-segment data are registered as the other
elements. It should be noted that JBIG coding, for ex-
ample, is utilized as the coding method suited to the lim-
ited-value pseudo-halftone.

Color image reproduction step

[0136] The color image reproduction step 9 reproduc-
es color image data from compressed data that has
been stored in the compressed-data memory 1012.
[0137] Fig. 32 is a diagram showing the detailed pro-
cedure of the color image reproduction step 9. In ac-
cordance with a reproduction control step 91, the color
image reproduction step 9 reproduces a color image by
applying, for each image segment, a reproduction proc-

ess conforming to the "image-segment type" of the im-
age-segment data contained in the compressed image-
segment data, and stores this color image is stored the
reproduced-image memory 1013. More specifically, re-
production is performed at a continuous color-tone im-
age-segment reproduction step 92 in case of a contin-
uous color tone, at a limited-color character/line drawing
image-segment reproduction step 93 in case of a limit-
ed-color character or line drawing; at a limited-color
pseudo-halftone image-segment reproduction step 94
in case of a limited-color pseudo-halftone; at a continu-
ous monochromatic-tone image-segment reproduction
step 95 in case of a continuous monochromatic tone; at
a limited-value character/line-drawing image-segment
reproduction step 96 in case of a limited-value character
or line drawing; and at a limited-value pseudo-halftone
image-segment reproduction step 97 in case of a limit-
ed-value pseudo-halftone. The reproduced image seg-
ments are combined into a single reproduced image.
Each of these steps will now be described.
[0138] The reproduction control step 91 adaptively
applies the reproduction process conforming to the im-
age-segment type to each and every image segment
until there is no longer any compressed image-segment
data that has not been reproduced. The reproduction of
image segments is performed in the sequence shown
in Fig. 24. In other words, image-segment reproduction
is performed while pursuing image-segment nodes,
which are described in image-segment data (having the
tree structure), from route nodes (the most significant
nodes). However, the reproduction of each image seg-
ment must not be carried out ahead of a background
image segment which is one rank below a node superior
to the image segment itself. In other words, in a case
where an image segment inferior to one intermediate
image segment is reproduced, reproduction must be
performed from the background image segment.
[0139] The continuous color-tone image-segment re-
production step 92 reproduces an image segment from
compressed image-segment data of a continuous color
tone and stores this image segment in the reproduced-
image memory 1013. Fig. 33 is a flowchart illustrating
the detailed procedure of the continuous color-tone im-
age-segment reproduction step 92. This flowchart is ex-
ecuted by the CPU 2001, by way of example.
[0140] First at step S701, data registered as "image-
segment shape" of the compressed image-segment da-
ta is decoded by a decoding method corresponding to
the method of coding of the limited-value character or
line-drawing image segment registered in the com-
pressed-data header. As a result, binary image data in-
dicating the image-segment shape is reproduced and
stored in the working memory. At step S702, data reg-
istered as "image-segment image data" of the com-
pressed image-segment data is decoded by a decoding
method corresponding to the method of coding of the
continuous color-tone image segment registered in the
compressed-data header. As a result, image-segment
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image data is reproduced and stored in the working
memory. At step 703, pixels of the reproduced image-
segment image data which correspond to pixels of value
"1" in the reproduced binary-image data are stored in
the reproduced-image memory 1013. It should be noted
that the writing of reproduced image data in the repro-
duced-image memory 1013 is the same as in the other
steps and is performed based upon position calculated
from "image-segment position" of the compressed im-
age-segment data.
[0141] The limited-color character/line drawing im-
age-segment reproduction step 93 reproduces an im-
age segment from compressed image-segment data of
a limited-color character or line drawing and stores the
image segment in the reproduced-image memory 1013.
Fig. 34 is a flowchart illustrating the detailed procedure
of the limited-color character/line drawing image-seg-
ment reproduction step 93. This flowchart is executed
by the CPU 2001, by way of example.
[0142] First at step S801, data registered as "image-
segment shape" of the compressed image-segment da-
ta is decoded by a decoding method corresponding to
the method of coding of the limited-color character or
line-drawing image segment registered in the com-
pressed-data header. As a result, binary image data in-
dicating the image-segment shape is reproduced and
stored in the working memory. Next, at step S802, pixels
registered as the "image-segment color" of the com-
pressed image-segment data are stored at positions in
the reproduced-image memory 1013 which correspond
to pixels of value "1" in the reproduced binary-image da-
ta.
[0143] The limited-color pseudo-halftone image-seg-
ment reproduction step 94 reproduces an image seg-
ment from compressed image-segment data of a limit-
ed-color pseudo-halftone and stores the image segment
in the reproduced-image memory 1013. The limited-
color pseudo-halftone image-segment reproduction
step 94 reproduces image segments through a proce-
dure similar to that of the limited-color character/line
drawing image-segment reproduction step 93 illustrated
in Fig. 34.
[0144] The continuous monochromatic-tone image-
segment reproduction step 95 reproduces an image
segment from compressed image-segment data of a
continuous monochromatic tone and stores this image
segment in the reproduced-image memory 1013. The
continuous monochromatic-tone image-segment repro-
duction step 95 reproduces image segments through a
procedure similar to that of the continuous color-tone
image-segment reproduction step 92 shown in Fig. 33.
[0145] The limited-value character/line drawing im-
age-segment reproduction step 96 reproduces an im-
age segment from compressed image-segment data of
a limited-value character or line drawing and stores the
image segment in the reproduced-image memory 1013.
The limited-value pseudo-halftone image-segment re-
production step 97 reproduces an image segment from

compressed image-segment data of a limited-value
pseudo-halftone and stores the image segment in the
reproduced-image memory 1013. The limited-value
character/line drawing image-segment reproduction
step 96 and the limited-value pseudo-halftone image-
segment reproduction step 97 reproduce image seg-
ments through a procedure similar to that of the limited-
color character/line drawing image-segment reproduc-
tion step 93 shown in Fig. 34.
[0146] Thus, in accordance with this embodiment as
described above, a document image inputted as a color
image and consisting of a mixture of image segments
having different components is subjected to image seg-
mentation based upon the features of the color docu-
ment image, whereby it is possible to segment image
segments from the document image in excellent fashion
even if the document image is one having a plurality of
backgrounds whose colors are other than white. A seg-
mented image segment is subjected to compression
processing that conforms to the characteristics of this
area, as a result of which compressed data can be ob-
tained at an excellent compression rate. In addition,
compressed image-segment data contained in this
compressed data can be decompressed by a method
conforming to the characteristics of the image segment,
thereby making it possible to obtain a reproduced color
image having an excellent image quality.

<Third Embodiment>

[0147] An image processing apparatus according to
a third embodiment of the present invention will now be
described. Components in the third embodiment similar
to those of the first embodiment are designated by like
characters and need not be described in detail again.
[0148] Next, in order to input a color original image
into a DTP apparatus in the form of structured data, an
embodiment will be described in which the present in-
vention is applied to an image processing apparatus
which edits a document image.
[0149] Fig. 35 is a diagram showing a processing pro-
cedure for a case in which the present invention is ap-
plied to document image editing processing in an image
processing apparatus. Steps from the color image input
step 1 to the image-segment discrimination step 3 are
the same as those of the first embodiment and need not
be described in detail again.
[0150] According to a data conversion step 10, image-
segment data created by the process up to the image-
segment discrimination step is converted, for each im-
age segment, to image data having a data format suit-
able for the editing of a document image in a DTP ap-
paratus or the like. As a result, an input image can be
applied to document-image editing processing per each
image segment segmented by the process up to the im-
age-segment discrimination step 3, and this editing can
also be performed per each image segment.
[0151] In the data conversion step 10, characters or
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symbols contained in a limited-color character of line-
drawing image segment or limited-value character of
line-drawing image segment can also be converted to
character codes by character recognition in depend-
ence upon a designation made by the user. Further, with
regard to a limited-color character of line-drawing image
segment or limited-value character of line-drawing im-
age segment, data having a raster-scanning format can
also be converted to vector data by raster-vector con-
version in dependence upon a designation made by the
user.
[0152] In a document image editing step 11, a char-
acter image is edited in accordance with a designation
from the user and a document image representing the
results of editing is outputted.
[0153] The foregoing processing can also be imple-
mented in a DTP apparatus or in a special-purpose ap-
paratus illustrated in the first embodiment.
[0154] Thus, in accordance with this embodiment, a
document image inputted as a color image and consist-
ing of a mixture of image segments having different
components is subjected to image segmentation based
upon the features of the color document image, whereby
it is possible to segment image segments from the doc-
ument image in excellent fashion even if the document
image is one having a plurality of backgrounds whose
colors are other than white. A color original image can
be structured and inputted into a document-image edit-
ing apparatus such as a DTP apparatus. In addition, a
segmented image segment is subjected to editing
processing conforming to the characteristics of the im-
age segment so that a color document image having ex-
cellent image quality can be obtained.

<Fourth Embodiment>

[0155] An image processing apparatus according to
a fourth embodiment of the present invention will now
be described. Components in the fourth embodiment
similar to those of the first embodiment are designated
by like characters and need not be described in detail
again.
[0156] In the first embodiment, a background image
segmentation step determines whether an intermediate
image segment contains a background image segment
and then segments the background image segment. In
the example described, this step entails extracting, as
the background image segment, an image segment of
the same color occupying the major part of the interme-
diate image segment to be processed. Such method is
effective in many color document images. However, in
a color document image containing a continuous tone
image segment such as a photographic image having
portions in which there is little change in brightness or
color, there are occasions where a background image
segment is judged to reside in a continuous tone image
segment that must properly be judged as being a single
image segment, with the result that the continuous tone

image segment is needlessly segmented into a contin-
uous tone image segment and an intermediate image
segment.
[0157] Accordingly, in this embodiment, a background
image segmentation process is described in which, by
judging whether an extracted background image seg-
ment is appropriate or not, it is possible to prevent the
needless segmenting of a continuous tone image seg-
ment having a portion in which there is little change in
brightness or color.
[0158] Fig. 36 is a diagram showing the detailed pro-
cedure of the background image segmentation step 22
according to this embodiment. This corresponds to Fig.
7 of the first embodiment.
[0159] In Fig. 36, a background color extraction step
221 analyzes the colors of the inputted intermediate im-
age segment and extracts the color of the background
image segment. More specifically, in the inputted inter-
mediate image segment, a pixel having the most prev-
alent color or a color close to this color in comparison
with the pixels of other colors has this most prevalent
color extracted. A background image-segment extrac-
tion step 222 uses the extracted color of the background
image segment to create a binary image of the back-
ground image segment. A background image-segment
discrimination step 223 judges whether an image seg-
ment indicated by the created binary image is appropri-
ate as a background image. If the image segment indi-
cated is judged to be appropriate, processing proceeds
to a background image-segment shaping step 224. If the
image segment indicated is judged to be inappropriate,
processing is terminated on the grounds that there is no
background image segment or processing returns to the
background image-segment extraction step 222, the
processing parameters are changed and a background
image segment is extracted again. The background im-
age-segment shaping step 224 removes noise and
small image segments from the binary image indicating
the image segment judged as being an appropriate-
background image segment, shapes the background
image segment and verifies, by the processing for re-
moving small areas, whether the background image
segment will vanish.
[0160] Figs. 37A through 37C are diagrams for de-
scribing an overview of processing for judging a back-
ground image segment. Fig. 37A shows an example in
which a background image segment is extracted from
an intermediate image segment containing a back-
ground image segment, Fig. 37B shows an example in
which a background image segment is extracted from
an intermediate image segment of a continuous tone im-
age segment such as a photograph, and Fig. 37C shows
an example in which a background image segment is
extracted from an intermediate image segment of a
color document image having a large amount of noise.
The background image-segment discrimination step
223 judges that the result of extraction shown in Fig.
37A is indicative of an appropriate background image
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segment and judges that the results of extraction shown
in Figs. 37B and 37C are indicative of inappropriate
background image segments. In other words, in a case
where the peripheral shape of an extracted image seg-
ment has been segmented from the peripheral portion
of an inputted intermediate image segment, as shown
in Fig. 37B, the background image-image segment dis-
crimination step 223 determines the existence of a con-
tinuous tone portion having a small change in brightness
or color and judges that the extracted image segment is
inappropriate as a background image. In a case where
there are many image segments of small area (these
are meaningless as intermediate image segments) lo-
cated in a portion contained in a newly generated inter-
mediate image segment, namely in an image segment
extracted as a background image segment, as shown
in Fig. 37C, the range of color extracted as the back-
ground image segment is narrow. Consequently, the
background image-image segment discrimination step
223 determines that a background image segment has
not been extracted sufficiently and judges that the ex-
tracted image segment is inappropriate as a back-
ground image.
[0161] Fig. 38 is a diagram illustrating the detailed
procedure of the background image-segment discrimi-
nation step 223. A background image-segment shape
discrimination step 2231 determines whether the shape
of an image segment extracted as a background image
segment is broad enough in the inputted intermediate
image segment. A generated intermediate image-seg-
ment discrimination step 2232 determines whether a
large number of image segments of small area reside
in a newly generated intermediate image segment, as
described above.
[0162] Figs. 39 through 41 show a flowchart illustrat-
ing a procedure for implementing the background image
segmentation step of this embodiment by processing
executed by the CPU 2001. This corresponds to Fig. 8
of the first embodiment.
[0163] Steps S901 and S902 correspond to the back-
ground color extraction step 221. A color histogram is
created in the working memory at step S901, and a color
having the maximum frequency of occurrence (namely
a candidate for the background color) is obtained at step
S902.
[0164] Step S903, which corresponds to the back-
ground image-segment extraction step 222, creates bi-
nary image data in the working memory. This is binary
image data of an intermediate image segment that has
been binarized to pixels having a color close to the color
of maximum frequency of occurrence and pixels other
than these pixels. For example, binary image data is cre-
ated in which pixels having a color close to the color of
maximum frequency of occurrence are made "1"s and
pixels other than these pixels are made "0"s. Whether
or not a pixel of interest has a color near the color of
maximum frequency is determined by obtaining the dis-
tance D in accordance with the equation shown below.

In other words, it is judged that the pixel of interest has
a color near the color of maximum frequency if the dis-
tance D obtained falls within a predetermined range (re-
ferred to as a "background range" below).

where R0, G0, B0 are R, G, B values of maximum fre-
quency of appearance, and R1, G1, B1 are R, G, B val-
ues of the pixel of interest.
[0165] The value of the background range uses data
stored in the ROM 2004 or the like as the initial value
thereof but the value is changed in dependence upon
the result of discrimination performed at the background
image-segment discrimination step 223.
[0166] The steps from step S904 to S908 correspond
to the background image-segment shape discrimination
step 2231. The area (which shall be referred to as the
"background outside area") on the outer side of the im-
age segment extracted as the background image seg-
ment is measured at step S904, and the area of the in-
putted intermediate image segment is measured at step
S905.
[0167] Fig. 42 is a diagram for describing a method of
measuring the background outside area. First, with re-
gard to each sub-scan of an inputted intermediate image
segment, the number of pixels (representative of area)
for which flags have not been raised (the pixels corre-
spond to the arrows in Fig. 42) is measured from left and
right boundaries of the intermediate image segment to
the sides of the image segment extracted as the back-
ground image segment, and the flags are raised for the
pixels thus measured. Next, a similar measurement is
performed with regard to the main scan but pixels whose
flags have raised by the measurement in the sub-scan
direction are not measured.
[0168] Next, at step S906, the ratio of the measured
background outside area to the area of the intermediate
image segment [= (measured background outside area)
/(area of intermediate image segment), hereinafter re-
ferred to as the "background outside-area ratio"] is ob-
tained and this ratio is compared with a predetermined
threshold value. When the ratio is less than the thresh-
old value, it is judged that the extracted image segment
is appropriate as the background image segment and
the program proceeds to step S909; otherwise, it is
judged that the extracted image segment is inappropri-
ate as the background image segment and the program
proceeds to step S907.
[0169] Steps S907 and S908 determine whether ex-
traction of a background image segment is to be per-
formed again. This determination uses a re-extraction
flag A, which indicates whether this is the initial discrim-
ination of a background image-segment shape, and the
background outside area ratio prevailing immediately
prior to re-extraction (this ratio shall be referred to as
the "preceding extraction ratio"). It should be noted that

D2 = (R0 - R1)2 + (G0 - G1)2 + (B0 - B1)2
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these values are stored in the RAM 2006. If the re-ex-
traction flag A is discriminated and this is found to be
the initial discrimination at step S907, then the program
proceeds to step S903 and re-extraction is executed;
otherwise, the program proceeds to step S908, where
the value of (background outside-area ratio)/(preceding
extraction ratio) is compared with a predetermined
threshold value. If the threshold value is larger, the pro-
gram returns to step S903 and re-extraction is executed;
otherwise, it is judged that there is no background image
segment and processing is terminated. It should be not-
ed that in the case where re-extraction is performed, the
background color range is widened. If the discrimination
of the background image segment of the inputted inter-
mediate image segment is finished, the re-extraction
flag A and the background color range are reset.
[0170] Steps from step S909 to S915 correspond to
the generated intermediate image-segment discrimina-
tion step 2232. The binary image representing back-
ground image segment undergoes a black-white revers-
al at step S909, connected components are extracted
from the black-white reversed binary image at step
S910, the area of the extracted connected components
is measured at step S911, and the number of connected
components for which the area is less than a predeter-
mined threshold value (these connected components
shall be referred to as "small connected components")
is measured. The number of small connected compo-
nents is compared with a predetermined threshold value
at step S913. If the number is less than the threshold
value, it is judged that the extracted image segment is
appropriate as the background image segment and the
program proceeds to step S916; otherwise, it is judged
that the extracted image segment is inappropriate as the
background image segment and the program proceeds
to step S914.
[0171] Whether or not extraction of background im-
age segment is to be performed again is determined at
steps S914 and S915. This determination uses a re-ex-
traction flag B, which indicates whether this is the initial
discrimination of a generated intermediate image-seg-
ment, and the number of small connected components
prevailing immediately prior to re-extraction (this
number shall be referred to as the "preceding extraction
number"). It should be noted that these values are
stored in the RAM 2006. If the re-extraction flag B is dis-
criminated and this is found to be the initial discrimina-
tion at step S914, then the program returns to step S903
and re-extraction is executed; otherwise, the program
proceeds to step S915, where the value of (number of
small connected components)/(preceding extraction
number) is compared with a predetermined threshold
value. If the threshold value is larger, the program re-
turns to step S903 and re-extraction is executed; other-
wise, it is judged that-there is no background image seg-
ment and processing is terminated. It should be noted
that in the case where re-extraction is performed, the
background color range is widened. If the discrimination

of the background image segment of the inputted inter-
mediate image segment is finished, the re-extraction
flag B and the background color range are reset.
[0172] Steps S916 through S920 correspond to the
background image-segment shaping step 224. At step
S916, noise is removed from the binary image, which
represents the extracted background image segment,
by application of well-known reduction/enlargement
processing, and small image segments are removed
from the noise-free binary image at steps S917 through
S919. First, with regard to the noise-free binary image,
a label image is created in the working memory and con-
nected components are extracted by well-known labe-
ling processing at step S917. The label image is one in
which a unique number is assigned to each connected
component and the numbers are made the pixel values
of the connected components. Next, the number of pix-
els (the area) of each connected component is obtained
and stored in the working memory at step S918. Next,
at step S919, connected components for which the num-
bers of pixels are less than the threshold value (namely
connected components of small area) are eliminated. In
other words, the values of pixels corresponding to these
connected components of the binary image are made
"0"s.
[0173] Next, it is determined at step S920 whether
there are any remaining connected components (back-
ground image segments). If the answer is "YES", then
it is determined that there is a background image seg-
ment; otherwise, it is determined that there are no back-
ground image segments. In a case where there is a
background image segment, a binary image indicative
of a background image segment remains in the working
memory.
[0174] Thus, in accordance with this embodiment as
described above, a background image segmentation
step is proposed in which it is determined whether the
extracted background image segment is appropriate or
not, thus making it possible to avoid needless splitting
of an image segment in a color document image having
a portion in which there is little change in brightness and
color, and in a color document image having a large
amount of noise.
[0175] In accordance with each of the embodiments
described above, a color document image in which im-
age segments having different characteristic are mixed
can be subjected to excellent processing (image zoom-
ing, reduction of quantity of data and structuring of data,
etc.).

<Fifth Embodiment>

[0176] An image processing apparatus according to
a fifth embodiment of the present invention will now be
described. Components in the fifth embodiment similar
to those of the first through fourth embodiments are des-
ignated by like characters and need not be described in
detail again.
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[0177] Each of the foregoing embodiments makes it
possible segment a color image into image segments in
excellent fashion. On the other hand, since document
images generally are large in size, segmentation into im-
age segments requires a great detail of processing time.
In addition, fields which utilize image segmentation
methods employ DTP and filing systems are premised
upon processing for carrying out dialog with the user and
there is a need for high-speed processing that can be
executed without hindering the processing for effecting
the dialog with the user. In a case where the techniques
of the foregoing embodiments are provided in the form
of software and implemented by a computer, there are
situations in which too much processing time is needed
when the input image is large.
[0178] In order to overcome this difficulty, this embod-
iment does not directly apply the techniques of the fore-
going embodiments to the input image but applies them
instead to an image obtained by reducing the input im-
age. As a result, image segments are extracted at a high
speed equivalent to that obtained when direct extraction
is performed using the input image, with the extraction
of this embodiment being based upon data indicative of
image segments extracted from a reduced image.
[0179] Since a reduced image is such that the size of
the image to be processed is small, image-segment ex-
traction can be performed at high speed. Accordingly, it
will suffice to extract an image segment by re-utilizing
parameters, which have been calculated from the re-
duced image, in the range of the reduced image seg-
ment even if the input image is one having a large image
size. As a result, high-speed processing becomes pos-
sible. This means that an overall higher processing
speed can be obtained in comparison with that achieved
by directly applying the techniques of the foregoing em-
bodiments to the input image.
[0180] As an example of an image segmentation tech-
nique using a reduced image or a hierarchical image (a
collection of a plurality of reduced images having differ-
ent reduction ratios), see "Dialog-type Analytical Sup-
port System in Understanding of Document Images, and
Document Image Data-Base Editing Management Sys-
tem", Kato, Hanaki, Sakai, Technical Report of the Insti-
tute of Electronics, Information and Communication En-
gineers of Japan, PRL84-101, pp. 65 - 72 (1984). This
method is for application to binary images.
[0181] As described earlier, the color of background
can be assumed in advance (to be white, for example)
in the case of a binary image, but the color of back-
ground cannot be assumed in the case of a color image
to which this embodiment is applied. As a consequence,
there are situations in which image segments necessary
when creating a reduced image are eliminated, as a re-
sult of which image segments happen to be omitted. (In
the case of a binary image, this can be avoided by giving
priority to elimination of white pixels constituting the
background.) For these and other reasons, the conven-
tional binarization method can be directly applied to

color document image.
[0182] Further, in the case of a binary image, there is
little overlapping of image segments (or of circum-
scribed rectangles enclosing image segments) and im-
age-segment shapes in the input image need only be
extracted by focusing solely upon the positions of the
image segments obtained from the reduced image (i.e.,
the positions of the image segments need only be cut
from the input image). By contrast, in the case of a color
image, there are instances in which image segments (or
circumscribed rectangles enclosing image segments)
overlap, and it is necessary that image-segment shapes
in the input image be extracted upon taking into account
not only the positions of the image segments obtained
from the reduced image but also the shapes of the im-
age segments obtained from the reduced image.

[Processing procedure]

[0183] Fig. 43 is a diagram showing a processing pro-
cedure in an image processing apparatus according to
a fifth embodiment. A digital color image to undergo
processing is inputted at a color image input step 1, a
reduced image is created from the input color image at
a reduced-image image-segment extraction step 13,
and an image segment is extracted from the input image
based upon image-segment data extracted from the re-
duced image.

[Construction of apparatus]

[0184] Fig. 44 is a diagram showing the construction
of a color image processing apparatus which executes
the processing illustrated in Fig. 43. The hardware for
implementing the arrangement shown in Fig. 44 has a
construction the same as that of Fig. 3 described in the
first embodiment and need not be described again.
[0185] In Fig. 44, the color image input unit 1001 in-
puts digital color image data to be processed and stores
this data in the input image memory 1006.
[0186] A reduced-image creation unit 1102 creates
reduced-image data from the color image data stored in
the input image memory 1006 by the color image input
unit 1001 and stores the created data in the a reduced-
image memory 1106.
[0187] A reduced-image image-segment extraction
unit 1103 extracts an image segment from the reduced
image created by the reduced-image creation unit 1102
and stored in the reduced-image memory 1106 and
stores this image-segment data in the image-segment
data memory 1007.
[0188] An input-image image-segment extraction unit
1104 extracts an image segment in the input image from
the image-segment data of the reduced image extracted
by the reduced-image image-segment extraction unit
1103 and stored in the image-segment data memory
1007 and stores this image-segment data in the image-
segment data memory 1007.
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[0189] The reduced-image creation unit 1102, the re-
duced-image image-segment extraction unit 1103 and
the input-image image-segment extraction unit 1104
can be realized by the CPU 2001, which operates in ac-
cordance with the program stored in the ROM 2006 or
storage device 2002, and the RAM 2006 or memory de-
vice 2002 used as a working memory. It goes without
saying that these can also be realized by their own
CPUs, RAMs and memories or by their own hardware.
[0190] Further, the input image memory 1006, the re-
duced-image memory 1106 and the image-segment da-
ta memory 1007 can be realized by the RAM 2006 or
memory device 2002 in Fig. 4. It goes without saying
that these memories can be realized by their own stor-
age devices.

[Details of processing]

[0191] The main steps shown in Fig. 43 will now be
described in detail while using the arrangement of Fig.
44.

Color image input step

[0192] The color image input step 1 inputs digital color
image data to be processed and stores the inputted im-
age data in the input image memory 1006.

Reduced-image creation step

[0193] A reduced-image creation step 12 creates re-
duced-image data of the color image data stored in the
input image memory 1006 by the color image input step
1 and stores the created data in the a reduced-image
memory 1106. Here the reduced image is obtained by
reducing the size of the input image in the horizontal and
vertical directions by 1/N (where N is an arbitrary natural
number and 1/N shall be referred to as the "reduction
ratio"). The reduction ratio should be within a range
which will not influence subsequent processing even
through reduction is carried out and is designated suit-
ably depending upon the size and content of the input
image.
[0194] The reduced-image creation step 12 can be
implemented by a well-known method of Greating an im-
age in which pixels are removed by being thinned out.
An example of creation of an image reduced by 1/2 in
the vertical and horizontal directions by a well-known
method of creating an image in which pixels are re-
moved by being thinned out is as follows: The input im-
age is divided into blocks 3101 of two pixels vertically
and two pixels horizontally (four a total of four pixels)
shown in Fig. 45, and one pixel in each block (say a pixel
3102 in the upper left-hand corner) is made one corre-
sponding pixel 3103 of the reduced image, whereby an
image reduced by 1/2 vertically and horizontally can be
created. Though an example has been described in
which an image reduced by 1/2 vertically and horizon-

tally is created, an image reduced to 1/N vertically and
horizontally can be obtained if the blocks are made three
pixels in each of the horizontal and vertical directions
(for a total of nine pixels), four pixels in each of the hor-
izontal and vertical directions (for a total of 16 pixels),
five pixels in each of the horizontal and vertical direc-
tions (for a total of 25 pixels), etc.
[0195] Further, an average value of each of the R, G,
B values of all pixels in the block may be adopted as the
pixel value of the reduced image.

Reduced-image image-segment extraction step

[0196] A reduced-image image-segment extraction
step 13 extracts an image segment from the reduced
image created by the reduced-image creation unit 12
and stored in the reduced-image memory 1106 and
stores this extracted image-segment data in the image-
segment data memory 1007. The reduced-image im-
age-segment extraction step 13 can be realized by the
image-segment extraction step 2 described in the first
embodiment.

Input-image image-segment extraction step

[0197] An input-image image-segment extraction
step 14 creates image-segment data in an input image
from image-segment data of a reduced image extracted
by the reduced-image image-segment extraction step
13 and stored in the image-segment data memory 1007.
[0198] Part of the input-image image-segment crea-
tion step 14 is shown in Fig. 46. The manner of process-
ing of the input-image image-segment creation step 14
is illustrated in Fig. 47. In the input-image image-seg-
ment creation step 14, the process illustrated in Fig. 46
is performed with regard to all image segments that
have been stored in the image-segment data.
[0199] In Fig. 46, an image-segment position conver-
sion step 141 calculates an image-segment position (in-
dicated at 4002 in Fig. 47) in the input image from an
image-segment position (indicated at 4001 in Fig. 47) in
a reduced image of image-segment data. The calculat-
ed position is stored in the image-segment- data. More
specifically, the X, Y coordinates and values of width and
height of the image-segment position are multiplied by
the reciprocal N of the reduction ratio.
[0200] An input-image image-segment shape extrac-
tion step 142 extracts an image-segment shape of the
input image in a rectangular image segment of the im-
age-segment position in the input image calculated at
the image-segment position converting step 141. More
specifically, a rectangular image segment of the image-
segment position calculated at the image-segment po-
sition conversion step 141 is binarized into a back-
ground color and image segments other than the back-
ground color, a binary image (indicated at 4003 in Fig.
47) indicating the image-segment shape in the input im-
age is extracted and this is stored in the image-segment
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shape of the image-segment data. The background
color uses the value (stored as the image-segment color
in the image-segment color of the background image
segment) calculated at the background image segmen-
tation step (see Fig. 7) in the reduced-image image-seg-
ment extraction step 13. As a result, the background
color need not be re-calculated and simple binarization
processed need only be applied to a limited image seg-
ment of the input image, thus making it possible to ex-
ecuted processing at high speed.

[Application of this embodiment]

[0201] The image-segment data extracted at the in-
put-image image-segment extraction step 14 is capable
of being utilized in zooming of color images, reduction
of the quantity of data and structuring of documents by
the methods described in the foregoing embodiments.
[0202] Fig. 48 is a diagram showing an example in
which image-segment data extracted by the input-im-
age image-segment extraction step 14 is applied to the
color image zoom method (Fig. 2) described in connec-
tion with the first embodiment.
[0203] Specifically, the image-segment discrimination
step 3 discriminates image-segment components (con-
tinuous color tone components, etc.) of each image seg-
ment extracted at the input-image image-segment ex-
traction step 14. The adaptive zooming step 4 subjects
each image segment extracted by the input-image im-
age-segment extraction step 14 to zoom processing
conforming to the image-segment component discrimi-
nated at the image-segment discrimination step 3,
thereby creating a zoomed image of the input image.
The color image output step 5 displays, makes a hard
copy of or delivers to a communication line the zoomed
image created by the adaptive zooming step 4.
[0204] Fig. 49 is a diagram showing an example in
which image-segment data extracted by the input-im-
age image-segment extraction step 14 is applied to the
color image compression method (Fig. 25) described in
connection with the second embodiment.
[0205] Specifically, the image-segment discrimination
step 3 discriminates the type of each image segment
extracted at the input-image image-segment extraction
step 14 and stores the result of discrimination in the im-
age-segment data. The adaptive compression step 6
subjects each image segment extracted by the input-
image image-segment extraction step 14 to compres-
sion processing conforming to the type of image-seg-
ment component discriminated at the image-segment
discrimination step 3, thereby compressing the input im-
age data. The compressed-data output step 7 outputs
the compressed data created at the adaptive compres-
sion step 6 by transmitting the compressed data to a
communication line or writing the compressed data in
an image storage device.
[0206] According to the compressed-data input step
8, the data compressed at the adaptive compression

step 6 is inputted by being received from a communica-
tion line or read in from an image storage device. The
data compressed at the adaptive compression step 6 is
reproduced as color image data at the color image re-
production step 11. The image reproduced at the color
image reproduction step 11 is displayed or produced as
a hard copy at the color image output step 5.
[0207] Here the steps from the color image input step
1 to the compressed-data output step 7 are executed
when the color image is compressed. The steps from
the compressed-data input step 8 to the color image out-
put step 5 are executed when image data is reproduced
from the compressed data.
[0208] Fig. 50 is a diagram showing an example in
which image-segment data extracted by the input-im-
age image-segment extraction step 14 is applied to the
structuring (Fig. 35) of a document image described in
connection with the third embodiment.
[0209] Specifically, the image-segment discrimination
step 3 discriminates the type of each image segment
extracted at the input-image image-segment extraction
step 14 and stores the result of discrimination in the im-
age-segment data. According to the data conversion
step 10, image-segment data created by the process up
to the image-segment discrimination step is converted,
for each image segment, to image data having a data
format suitable for the editing of a document image in a
DTP apparatus or the like. In the document image edit-
ing step 11, editing and output of a document image are
performed by a well-known document image editing
method for editing the document image in accordance
with a designation from the user.

<Sixth Embodiment>

[0210] An image processing apparatus according to
a sixth embodiment of the present invention will now be
described. Components in the sixth embodiment similar
to those of the first through fifth embodiments are des-
ignated by like characters and need not be described in
detail again. The input-image image-segment extraction
step 14 in the fifth embodiment binarizes a portion cor-
responding to the image-segment position of each im-
age segment extracted from a reduced image of the in-
put image and calculates the image-segment shape in
the input image. This method makes it possible to obtain
excellent results by comparatively simple calculations.
However, in a case where circumscribed rectangles en-
closing extracted image segments overlap, as shown in
Fig. 52, a problem which arises is that the shape of an-
other image segment also happens to be extracted at
the overlapping portion.
[0211] The input-image image-segment extraction
step 14 of this embodiment solves the above-mentioned
problem and makes it possible to extract image-seg-
ment shapes correctly even in a case where the input
image has overlapping circumscribed rectangles en-
closing image segments.
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[0212] Fig. 51 is a diagram showing part of the input-
image image-segment extraction step 14 of this embod-
iment. The manner of processing of the input-image im-
age-segment creation step of this embodiment is illus-
trated in Fig. 52. In the input-image image-segment ex-
traction step 14, the process illustrated in these Figures
is performed with regard to all image segments that
have been stored in the image-segment data.
[0213] In Fig. 51, the image-segment position conver-
sion step 141 calculates an image-segment position (in-
dicated at 5102 in Fig. 52) in the input image from an
image-segment position (indicated at 5101 in Fig. 52) in
a reduced image of image-segment data, as in the fifth
embodiment. The calculated position is stored in the im-
age-segment data.
[0214] A reduced-image image-segment shape ex-
pansion step 143 applies well-known expansion
processing to a binary image (indicated at 5103 in Fig.
52) indicative of an image-segment shape in the re-
duced image extracted by a reduced-image image-seg-
ment extraction step 13. (An expanded image indicated
at 5104 in Fig. 52 shall be referred to as an "expanded
image".) Expansion processing is performed a number
of times which is the reciprocal of the reduction ratio
(namely N times).
[0215] A selective input-image image-segment shape
extraction step 144 extracts an image segment in the
input image in the same manner as the input-image im-
age-segment shape extraction step 142 of the fifth em-
bodiment. According to step 144, however, reference is
made to the expanded image, which has been created
at the reduced-image image-segment shape expansion
step 143, in such a manner that extraction will not extend
to other image segments owing to overlapping of cir-
cumscribed rectangles. More specifically, with regard to
each pixel of a rectangular image segment at image-
segment position 5102 in the input image calculated at
the image-segment position conversion step 141, only
pixels (the portions at 5105 in Fig. 52) having a value
other than that of the background color and for which
the corresponding pixels of the expanded image 5104
created at the reduced-image image-segment shape
expansion step 143 are pixels in the relevant image seg-
ment (where the pixel values are "1"s) are adopted as
pixels (of value "1") constructing the image segment (in-
dicated at 5106 in Fig. 52). The binary image thus cre-
ated is stored as the image-segment shape of the im-
age-segment data.
[0216] Of course, as in the fifth embodiment, the back-
ground color uses a value calculated by the background
image segmentation step (see Fig. 7) of the reduced-
image image-segment extraction step 13. (The value
has been stored as an image-segment color in the im-
age-segment data of the background image segment.)
[0217] It should be noted that this embodiment is ca-
pable of being implemented without the reduced-image
image-segment shape expansion step 143. Though the
results of extraction will be inferior if there is no reduced-

image image-segment shape expansion step 143, an
advantage gained is that the process is simplified.
[0218] In accordance with the input-image image-
segment extraction step 14 of this embodiment, the
processing is more complicated in comparison with the
input-image image-segment extraction step 14 of the
fifth embodiment. However, excellent results of image-
segment extraction can be obtained even if circum-
scribed rectangles enclosing image segments overlap.

<Seventh Embodiment>

[0219] An image processing apparatus according to
a seventh embodiment of the present invention will now
be described. Components in the seventh embodiment
similar to those of the first through sixth embodiments
are designated by like characters and need not be de-
scribed in detail again.
[0220] The input-image image-segment extraction
step 14 of the sixth embodiment extracts the image seg-
ments of an -input image by combining image-segment
shapes extracted from a reduced image and the results
of binarizing the input image. This method provides ex-
cellent results of extraction even if circumscribed rec-
tangles enclosing image segments overlap. However,
when a color original image is reduced, there are occa-
sions where the shape of an image segment in the re-
duced image is omitted owing to elimination of a part of
the image segment. As a consequence, the shape of an
image segment in the input image finally extracted is
omitted as well.
[0221] The input-image image-segment extraction
step 14 of this embodiment solves the problem wherein
part of the shape of an image segment is eliminated.
[0222] Fig. 53 is a diagram showing part of the input-
image image-segment extraction step 14 according to
this embodiment. The manner of the processing of the
input-image image-segment extraction step 14 is illus-
trated in Fig. 54. According to the input-image image-
segment extraction step 14, the process shown in Fig.
53 is applied to a collection of image segments (herein-
after referred to as "a group of image segments of the
same level") having the same background image seg-
ment shown in Fig. 55, and is applied to all image seg-
ments that have been stored as the image-segment da-
ta.
[0223] In Fig. 53, with regard to each image segment
of the group of image segments of the same level, the
image-segment position conversion step 141 calculates
an image-segment position (indicated at 6002 in Fig. 54)
in the input image from an image-segment position (in-
dicated at 6001 in Fig. 54) in a reduced image of image-
segment data, as in the fifth embodiment. The calculat-
ed position is stored in the image-segment data.
[0224] The input-image image-segment shape ex-
traction step 142 extracts a rectangular image segment
(indicated at 6003 in Fig. 54) corresponding to the im-
age-segment position (i.e., the image-segment position
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of the background image segment) of the group of im-
age segments of the same level in the input image cal-
culated at the image-segment position conversion step
141. In other words, as in the input-image image-seg-
ment shape extraction step 142 of the fifth embodiment,
binarization is effected into a background color and im-
age segments other than the background color, and an
image-segment shape (indicated at 6004 in Fig. 54)
contained in the group 6003 of image segments of the
same level in the input image is created. Of course, as
in the fifth embodiment, the background color uses a val-
ue calculated by the background image segmentation
step of the reduced-image image-segment extraction
step 13. (The value has been stored as an image-seg-
ment color in the image-segment data of the back-
ground image segment.)
[0225] An omitted image-segment extraction step 145
compares an image segment extracted from a reduced
image and an image segment extracted from an input
image, thereby extracting an area (referred to as an
"omitted image segment") which is omitted at the time
of reduced image creation. To this end, a number (label)
specific to each image segment indicating whether a
pixel is a pixel corresponding to any image segment of
the group of image segments of the same level is set for
each pixel of the binary image 6004 representing the
image-segment shape created by the input-image im-
age-segment shape extraction step 142. Next, in the im-
age-segment shape of each image segment, a label (in-
dicated at 6005 in Fig. 54) is written in pixels (whose
values are "1") indicating the image segment in the bi-
nary image representing this image-segment shape. Fi-
nally, an image segment created by the input-image im-
age-segment shape extraction step 142 and which has
not been labeled is extracted as an omitted image seg-
ment (indicated at 6006 in Fig. 54).
[0226] An omitted image-segment unification step
146 unifies the omitted image segment extracted at the
omitted image-segment extraction step 145 with image
segments that have already been extracted. More spe-
cifically, a pixel not labeled at the omitted image-seg-
ment extraction step 145 is provided with the label of the
nearest labeled pixel and is unified with image segments
already extracted (indicated at 6007 in Fig. 54). Finally,
circumscribed rectangles (indicated at 6008 in Fig. 54)
of image segments provided with the same label are ob-
tained, the image-segment positions are changed with
respect to the image-segment data of each image seg-
ment and the binary image of the pixels having the same
label is stored as the image-segment shape.
[0227] Thus, in accordance with the input-image im-
age-segment extraction step 14 of this embodiment, ex-
cellent results of extraction can be obtained even if part
of an image segment is eliminated at the time the re-
duced image is formed.
[0228] In accordance with the fifth through seventh
embodiments as described above, image segmentation
of a color document image can be performed at high

speed, and in a manner equivalent to that in a case
where image segmentation is performed directly with re-
spect to an input image, regardless of the shape of the
input image. A color document image can be zoomed
with excellent image quality, and compression and de-
compression (reproduction) can be carried out with ex-
cellent image quality and at an excellent compression
ratio. In addition, a color document image can be struc-
tured and the structured data can be edited.

<Other Embodiment>

[0229] The present invention can be applied to a sys-
tem constituted by a plurality of devices (e.g., host com-
puter, interface, reader, printer) or to an apparatus com-
prising a single device (e.g., copy machine, facsimile).
[0230] Further, the object of the present invention can
be also achieved by providing a storage medium storing
program codes for performing the aforesaid processes
to a system or an apparatus, reading the program codes
with a computer (e.g., CPU, MPU) of the system or ap-
paratus from the storage medium, then executing the
program.
[0231] In this case, the program codes read from the
storage medium realize the functions according to the
embodiments, and the storage medium storing the pro-
gram codes constitutes the invention.
[0232] Further, the storage medium, such as a floppy
disk, a hard disk, an optical disk, a magneto-optical disk,
CD-ROM, CD-R, a magnetic tape, a non-volatile type
CD-ROM, CD-R, a magnetic tape, a non-volatile type
memory card, and ROM can be used for providing the
program codes.
[0233] Furthermore, besides aforesaid functions ac-
cording to the above embodiments are realized by exe-
cuting the program codes which are read by a computer,
the present invention includes a case where an OS (Op-
erating System) or the like working on the computer per-
forms a part or entire processes in accordance with des-
ignations of the program codes and realizes functions
according to the above embodiments.
[0234] Furthermore, the present invention also in-
cludes a case where, after the program codes read from
the storage medium are written in a function expansion
card which is inserted into the computer or in a memory
provided in a function expansion unit which is connected
to the computer, CPU or the like contained in the func-
tion expansion card or unit performs a part or entire
process in accordance with designations of the program
codes and realizes functions of the above embodi-
ments.
[0235] As many apparently widely different embodi-
ments of the present invention can be made, it is to be
understood that the invention is not limited to the specific
embodiments thereof except as defined in the append-
ed claims.
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Claims

1. An image processing method, characterized by
comprising:

an input step (1) of inputting a color image;
an extraction step (2) of extracting from said in-
put color image one or more image areas (24)
by separating a background image area (22)
and one or more final or intermediate image ar-
eas (23) having a characteristic different from
said separated background image area; and
a discrimination step (3) of discriminating the
visual characteristics of the one or more image
areas extracted at said extraction step.

2. The method according to claim 1, further compris-
ing a zoom step (4) of zooming the entered color
image by subjecting each of the image areas ex-
tracted at said extraction step to zoom processing
conforming to results of discrimination obtained at
said discrimination step.

3. The method according to claim 1, further compris-
ing a compression step (6) of compressing the en-
tered color image by subjecting each of the image
areas extracted at said extraction step to compres-
sion processing conforming to results of discrimina-
tion obtained at said discrimination step.

4. The method according to claim 3, wherein said com-
pression step is adapted to conform to the particular
image area compressed, and collects the com-
pressed data of the image areas.

5. The method according to claim 4, further compris-
ing a reproduction step (9) of reproducing the color
image by decompressing (92-97, S701, S702,
S801, S802) the compressed data per each image
area.

6. The method according to claim 1, further compris-
ing a conversion step (10) of converting, based up-
on results of discrimination obtained at said discrim-
ination step (3), the data of each of the image areas
extracted at said extraction step (2) to a data format
for image editing.

7. The method according to claim 6, further compris-
ing an editing step (11) of editing data for image ed-
iting obtained at said conversion step (10).

8. The method according to claim 1, wherein said ex-
traction step (2) includes:

a first separation step (22) of separating a back-
ground image area from an area to undergo
processing in the entered color image; and

a second separation step (23) of separating at
least one final or intermediate image area from
image areas other than said background image
area;
said extraction step extracting image areas by
recursively repeating said first and second sep-
aration steps in the intermediate image areas
separated at said second separation step.

9. The method according to claim 8, wherein said first
separation step (22) detects (211) a background
portion based upon a distribution of pixel values in
said area to undergo processing, separates (212)
an image area comprising pixels having values in
the vicinity of the background pixel values and
shapes (213) the separated image area to make
this image area said background image area.

10. The method according to claim 9, wherein the back-
ground pixel values are values of maximum fre-
quency of occurrence in said area to undergo
processing.

11. The method according to claim 8, wherein said first
separation step (22) detects (211, S103) a back-
ground portion based upon a distribution of pixel
values in said area to undergo processing, sepa-
rates (212, S104) an image area comprising pixels
having values in the vicinity of the background pixel
values, determines (S109) whether the separated
area is appropriate as a background image area
and shapes (213, S105-S108) an area, which has
been determined to be appropriate as a background
image area, to make this image area said back-
ground image area.

12. The method according to claim 11, wherein the
background pixel values are values of maximum
frequency of occurrence in said area to undergo
processing.

13. The method according to claim 11, wherein when
said first separation step (22) has determined that
the separated image area is inappropriate as a
background image area, said first separation step
changes a value in the vicinity of the background
pixel value and separates image areas again.

14. The method according to claim 8, wherein said first
separation step (22) determines whether the sepa-
rated image area is appropriate as a background
image area from results of comparing the area of
said area to undergo processing and the area of the
separated area, the area of a portion that is inside
said area to undergo processing and outside said
separated image area, and a number of connected
components less than a prescribed area present
outside the separated image area.
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15. The method according to claim 8, wherein said sec-
ond separation step (23) separates image areas,
which are image areas outside said background im-
age and closely adjacent to one another, as a single
final or intermediate image area.

16. The method according to claim 1, wherein said dis-
crimination step (3) retains a binary image, which
indicates type, position and shape of a discriminat-
ed image area as visual characteristics of the image
area, as well as information indicating an inclusion
relationship between image areas.

17. The method according to claim 1, wherein said dis-
crimination step (3) includes:

a first determination step (32) of determining,
based upon peak values and variance of a sat-
uration histogram of said image area, whether
said image area is an image area comprising
color components or monochromatic compo-
nents;
a second determination step (33) which, in a
case where a color-component image area has
been determined at said first determination
step, is for determining, based upon peak val-
ues and variance of a color histogram of said
image area, whether the color component is a
continuous color tone or a limited color;
a third determination step (34) which, in a case
where a monochromatic-component image ar-
ea has been determined at said first determina-
tion step, is for determining, based upon peak
values and variance of a lightness histogram of
said image area, whether the monochromatic
component is a continuous monochromatic
tone or a limited value; and
a fourth determination step (35) of determining
the type of said image area based upon results
of determinations made at said first through
third determination steps.

18. The method according to claim 17, wherein said
types of the image area include a continuous color
tone, a limited-color character or line drawing, a lim-
ited-color pseudo-halftone, a continuous mono-
chromatic tone, a limited-value character or line
drawing and a limited-value pseudo-halftone.

19. The method according to claim 18, wherein said dis-
crimination step (3) retains average data within the
image area in a case where the type of the image
area has been determined to be the limited-color
character or line drawing, the limited-color pseudo-
halftone, the limited-value character or line drawing
and the limited-value pseudo-halftone.

20. An image processing apparatus, characterized by

comprising:

input means (1001) for inputting a color image;
extraction means (1002) for extracting from
said input color image one or more image areas
(24) by separating a background image area
(22) and one or more final or intermediate im-
age areas (23) having a characteristic different
from said separated background image area;
and
discrimination means (1003) for discriminating
the visual characteristics of the one or more im-
age areas extracted by said extraction means.

21. The apparatus according to claim 20, further com-
prising zoom means (1004) for zooming the entered
color image by subjecting each of the image areas
extracted by said extraction means to zoom
processing conforming to results of discrimination
obtained by said discrimination means.

22. The apparatus according to claim 20, further com-
prising compression means (1014) for compressing
the entered color image by subjecting each of the
image areas extracted by said extraction means to
compression processing conforming to results of
discrimination obtained by said discrimination
means.

23. The apparatus according to claim 22, wherein said
compression means is adapted to conform to the
particular image area compressed, and collects the
compressed data of the image areas.

24. The apparatus according to claim 22, further com-
prising reproduction means (10 10) for reproducing
the color image by decompressing the compressed
data per each image area.

25. The apparatus according to claim 20, further com-
prising conversion means for converting, based up-
on results of discrimination obtained by said dis-
crimination means, the data of each of the image
areas extracted by said extraction means to a data
format for image editing.

26. The apparatus according to claim 25, further com-
prising editing means for editing data for image ed-
iting obtained by said conversion means.

27. An image processing method for extracting an im-
age area from an image in which image areas hav-
ing different components are mixed, characterized
by comprising:

a reduction step (12) of generating a reduced
image from an input image;
a first extraction step (13, 2) of extracting one

53 54



EP 0 724 229 B1

29

5

10

15

20

25

30

35

40

45

50

55

or more image areas (24) from the reduced im-
age by separating a background image area
(22) and one or more final or intermediate im-
age areas (23) having a characteristic different
from said separated background image area;
and
a second extraction step (14) of extracting an
image area from the input image using extrac-
tion results of said first extraction step.

28. The method according to claim 27, wherein said first
extraction step (13, 2) includes:

a first separation step (22) of determining
whether an image area to undergo processing
in the reduced color image has an image area
which will be background, and separating this
background image area; and
a second separation step (23) of separating at
least one final or intermediate image area from
image areas other than said background image
area;
said first extraction step extracting image areas
by recursively repeating said first and second
separation steps in the intermediate image ar-
eas separated at said second separation step.

29. The method according to claim 27, wherein said
second extraction step (14) includes:

an image-area position conversion step (141)
of calculating position information (4002) of an
image area in the input color image from posi-
tion information (4001) of the image area ex-
tracted at said first extraction step and a reduc-
tion ratio (1/N) of the reduced image; and
an image-area shape extraction step (142) of
extracting an image-area shape of the input
color image based upon a rectangular image
area at the image-area position calculated at
said image-area position conversion step.

30. The method according to claim 27, wherein said
second extraction step (14) includes:

an image-area position conversion step (141)
of calculating position information of an image
area in the input color image from position in-
formation of the image area extracted at said
first extraction step and a reduction ratio of the
reduced image; and
an image-area shape extraction step (142) of
extracting an image-area shape in the input
color image from pixels of the input color image
that correspond to the image area extracted at
said first extraction step.

31. The method according to claim 27, wherein said

second extraction step (14) includes:

an image-area position conversion step (141)
of calculating position information (5102) of an
image area in the input color image from posi-
tion information (5101) of the image area ex-
tracted at said first extraction step and a reduc-
tion ratio of the reduced image;
an image-area shape expansion step (143) of
applying expansion processing to the image-
area shapes extracted at said first extraction
step; and
an image-area shape extraction step (142) of
extracting an image-area shape in the input
color image from pixels of the input color image
that correspond to each image area expanded
at said image-area shape expansion step.

32. The method according to claim 27, wherein said
second extraction step (14) includes:

an image-area position conversion step (141)
of calculating position information (6002) of an
image area in the input color image from posi-
tion information (6001) of the image areas ex-
tracted at said first extraction step and a reduc-
tion ratio of the reduced image;
an image-area shape extraction step (142) of
extracting an image-area shape (6004) of the
input color image in a rectangular image area
at the image-area position calculated at said
image-area position conversion step;
an omitted image-area extraction step (145) of
extracting an image area, which has been omit-
ted at the time of reduced image generation by
processing at said reduction step (12), by com-
paring the image area extracted from the re-
duced image and the image area extracted
from the input color image; and
a unification step (146) of unifying the image-
area shape extracted at said image-area shape
extraction step and the omitted image area ex-
tracted at said omitted image-area extraction
step.

33. The method according to claim 32, wherein said
omitted image-area extraction step (145) assigns
labels (6005), which indicate respective ones of im-
age areas extracted at said first extraction step, to
respective ones of pixels corresponding to the im-
age-area shape extracted at said image-area
shape extraction step, and extracts pixels, to which
said labels could not be assigned, as said omitted
image area; and

said unification step (146) unifies said omitted
image area by assigning each pixel, which corre-
sponds to said omitted image area, the label of the
nearest pixel to which a label has been assigned.
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34. The method according to claim 29, wherein said
second extraction step (14) and said image-area
shape extraction step (142) binarize the input color
image to background and portions other than back-
ground using the value of the background color cal-
culated at said first extraction step (13, 2), and ex-
tracts an image area in the input color image from
the binary image.

35. The method according to claim 27, wherein said re-
duction step (12) selects one pixel from each block
comprising N 3 N (where N is a natural number)
pixels obtained by partitioning the input color image,
and representing this block by the one pixel, thereby
creating a reduced image having a reduction ratio
of 1/N.

36. The method according to claim 27, wherein said re-
duction step (12) obtains an average value of pixels
of each block comprising N 3 N (where N is a nat-
ural number) pixels obtained by partitioning the in-
put color image, and representing this block by the
average value, thereby creating a reduced image
having a reduction ratio of 1/N.

37. The method according to claim 27, further compris-
ing:

a discrimination step (3) of discriminating a
component of the image area extracted at said
second extraction step (14); and
a zoom step (4) of zooming the input color im-
age by zooming the data of each area extracted
at said second extraction step using a zoom
method conforming to results of discrimination
obtained at said discrimination step.

38. The method according to claim 27, further compris-
ing:

a discrimination step (3) of discriminating a
component of the image area extracted at said
second extraction step (14); and
a compression step (6) of compressing the in-
put color image by compressing the data of
each area extracted at said second extraction
step using a compression method conforming
to results of discrimination obtained at said dis-
crimination step.

39. The method according to claim 38, further compris-
ing a reproduction step (9) of reproducing the color
image by decompressing the compressed data,
which has been obtained at said compression step,
per each image area.

40. The method according to claim 27, further compris-
ing:

a discrimination step (3) of discriminating a
component of the image area extracted at said
second extraction step (14); and
a conversion step (10) of converting, based up-
on results of discrimination obtained at said dis-
crimination step, the data of the image area ex-
tracted at said second extraction step to a data
format for image editing.

41. The method according to claim 40, further compris-
ing an editing step (11) of editing data for image ed-
iting obtained at said conversion step.

42. An image processing apparatus for extracting an
image area from an image in which image areas
having different components are mixed, character-
ized by comprising:

reduction means (1102) for generating a re-
duced image from an input image;
first extraction means (1103) for extracting one
or more image areas (24) from the reduced im-
age by separating a background image area
(22) and one or more final or intermediate im-
age areas (23) having a characteristic different
from said separated background image area;
and
second extraction means (1104) for extracting
an image area from the input image using ex-
traction result of said first extraction means.

43. The apparatus according to claim 42, further com-
prising:

discrimination means for discriminating a com-
ponent of the image area extracted by said sec-
ond extraction means; and
zoom means for zooming the input color image
by zooming the data of each area extracted by
said second extraction means using a zoom
method conforming to results of discrimination
obtained by said discrimination means.

44. The apparatus according to claim 42, further com-
prising:

discrimination means for discriminating a com-
ponent of the image area extracted by said sec-
ond extraction means; and
compression means for compressing the input
color image by compressing the data of each
area extracted by said second extraction
means using a compression method conform-
ing to results of discrimination obtained by said
discrimination means.

45. The method according to claim 44, further compris-
ing reproduction means for reproducing the color
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image by decompressing the compressed data,
which has been obtained by said compression
means, per each image area.

46. The apparatus according to claim 42, further com-
prising:

discrimination means for discriminating a com-
ponent of the image area extracted by said sec-
ond extraction means; and
conversion means for converting, based upon
results of discrimination obtained by said dis-
crimination means, the data of the image area
extracted by said second extraction means to
a data format for image editing.

47. The apparatus according to claim 46, further com-
prising editing means for editing data for image ed-
iting obtained by said conversion means.

Patentansprüche

1. Bildverarbeitungsverfahren, gekennzeichnet
durch:

einen Eingabeschritt (1) zum Eingeben eines
Farbbilds;
einen Extraktionsschritt (2) zum Extrahieren ei-
nes oder mehrerer Bildbereiche (24) aus dem
Eingangsfarbbild durch Separieren eines Hin-
tergrundbildbereichs (22) und eines oder meh-
rerer endgültiger Bildbereiche oder Zwischen-
bildbereiche (23) mit einer Eigenschaft, die sich
von dem separierten Hintergrundbildbereich
unterscheidet; und
einen Unterscheidungsschritt (3) zum Unter-
scheiden der visuellen Eigenschaften der in
dem Extraktionsschritt extrahierten einen oder
mehreren Bildbereiche.

2. Verfahren nach Anspruch 1, umfassend einen
Zoomschritt (4) zum Zoomen des Eingangsfarb-
bilds dadurch, daß jedes der in dem Extraktions-
schritt extrahierten Bildbereiche einer Zoomverar-
beitung entsprechend Unterscheidungsergebnis-
sen, die in dem Unterscheidungsschritt erhalten
wurden, unterworfen wird.

3. Verfahren nach Anspruch 1, umfassend einen Kom-
pressionsschritt (6) zum Komprimieren des Ein-
gangsfarbbilds dadurch, daß jeder der in dem Ex-
traktionsschritt extrahierten Bildbereiche einer
Kompressionsverarbeitung entsprechend Unter-
scheidungsergebnissen, die in dem Unterschei-
dungsschritt erhalten wurden, unterworfen wird.

4. Verfahren nach Anspruch 3, bei dem der Unter-

scheidungsschritt so ausgelegt ist, daß er den be-
stimmten komprimierten Bildbereichen entspricht
und die komprimierten Daten der Bildbereiche sam-
melt.

5. Verfahren nach Anspruch 4, umfassend einen Re-
produktionsschritt (9) zum Reproduzieren des
Farbbilds durch Dekomprimieren (92 - 97, S701,
S702, S801, S802) der komprimierten Daten für je-
den Bildbereich.

6. Verfahren nach Anspruch 1, umfassend einen Um-
wandlungsschritt (10) zum Umwandeln der Daten
jedes der in dem Extraktionsschritt (2) extrahierten
Bildbereiche in ein Datenformat für die Bildbearbei-
tung auf der Grundlage von in dem Unterschei-
dungsschritt (3) erhaltenen Unterscheidungsergeb-
nissen,.

7. Verfahren nach Anspruch 6, umfassend einen Be-
arbeitungsschritt (11) zum Bearbeiten von Daten für
die Bildbearbeitung, die in dem Umwandlungs-
schritt (10) erhalten wurden.

8. Verfahren nach Anspruch 1, bei dem der Extrakti-
onsschritt (2) beinhaltet:

einen ersten Separationsschritt (22) zum Sepa-
rieren eines Hintergrundbildbereichs von ei-
nem zu verarbeitenden Bereich in dem Ein-
gangsfarbbild; und
einen zweiten Separationsschritt (23) zum
Trennen zumindest eines endgültigen Bildbe-
reichs oder eines Zwischenbildbereichs von
anderen Bildbereichen als der Hintergrundbild-
bereich; wobei
der Extraktionsschritt Bildbereiche durch rekur-
sives Wiederholen des ersten und des zweiten
Separationsschritts in den in dem zweiten Se-
parationsschritt separierten Zwischenbildbe-
reichen extrahiert.

9. Verfahren nach Anspruch 8, bei dem der erste Se-
parationsschritt (22) einen Hintergrundabschnitt
auf der Grundlage einer Verteilung von Pixelwerten
in dem zu verarbeitenden Bereich erfaßt (211), ei-
nen Pixel mit Werten in der Nähe der Hintergrund-
pixelwerte umfassenden Bildbereich separiert
(212) und das separierte Bild formt (213), um die-
sen Bildbereich zu dem Hintergrundbildbereich zu
machen.

10. Verfahren nach Anspruch 9, bei dem die Hinter-
grundpixelwerte Werte maximaler Häufigkeit des
Auftretens in dem zu verarbeitenden Bereich sind.

11. Verfahren nach Anspruch 8, bei dem der erste Se-
parationsschritt (22) einen Hintergrundbereich auf
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der Grundlage einer Verteilung von Pixelwerten in
dem zu verarbeitenden Bereich erfaßt (211, S103),
einen Pixel mit Werten in der Nähe der Hintergrund-
pixelwerte umfassenden Bildbereich separiert
(212, S104), ermittelt (S103), ob der separierte Be-
reich als Hintergrundbereich geeignet ist, und einen
Bereich formt (213, S105 - S108), welcher als als
Hintergrundbereich geeignet ermittelt wurde, um
diesen Bildbereich zu dem Hintergrundbildbereich
zu machen.

12. Verfahren nach Anspruch 11, bei dem die Hinter-
grundpixelwerte Werte maximaler Häufigkeit des
Auftretens in dem zu verarbeitenden Bereich sind.

13. Verfahren nach Anspruch 11, bei dem dann, wenn
der erste Separationsschritt (22) ermittelt hat, daß
der separierte Bildbereich als Hintergrundbildbe-
reich ungeeignet ist, der erste Separationsschritt ei-
nen Wert in der Nähe des Hintergrundpixelwerts än-
dert und Bildbereiche erneut separiert.

14. Verfahren nach Anspruch 8, bei dem der erste Se-
parationsschritt (22) aus Ergebnissen des Verglei-
chens des Bereichs des zu verarbeitenden Be-
reichs und des Bereichs des zu separierenden Be-
reichs, des Bereichs eines Abschnitts innerhalb des
zu verarbeitenden Bereichs und außerhalb des se-
parierten Bildbereichs, und einer Anzahl verbunde-
ner Komponenten kleiner als ein vorgeschriebener,
außerhalb des separierten Bildbereichs vorhande-
ner Bereich ermittelt, ob der separierte Bildbereich
als Hintergrundbildbereich geeignet ist.

15. Verfahren nach Anspruch 8, bei dem der zweite Se-
parationsschritt (23) Bildbereiche, welche Bildbe-
reiche außerhalb des Hintergrundbilds sind und na-
he beieinanderliegen, als einen einzelnen endgülti-
gen Bildbereich oder Zwischenbildbereich sepa-
riert.

16. Verfahren nach Anspruch 1, bei dem der Unter-
scheidungsschritt (3) ein Binärbild zurückbehält,
welches den Typ, die Position und die Form eines
unterschiedenen Bildbereichs als visuelle Eigen-
schaften des Bildbereichs angibt, sowie eine Ein-
schlußbeziehung zwischen Bildbereichen anzei-
gende Informationen.

17. Verfahren nach Anspruch 1, bei dem der Unter-
scheidungsschritt (3) beinhaltet:

einen ersten Ermittlungsschritt (32) zum Ermit-
teln auf der Grundlage von Spitzenwerten und
einer Varianz eines Sättigungshistogramms
des Bildbereichs, ob der Bildbereich ein Bild-
bereich ist, der Farbkomponenten oder mono-
chromatische Komponenten umfaßt;

einen zweiten Ermittlungsschritt (33), welcher
in einem Fall, in dem ein Farbkomponenten-
bildbereich in dem ersten Ermittlungsschritt er-
mittelt wurde, dazu dient, auf der Grundlage
von Spitzenwerten und der Varianz eines Farb-
histogramms des Bildbereichs zu ermitteln, ob
die Farbkomponente ein kontinuierlicher Farb-
ton oder eine beschränkte Farbe ist;
einen dritten Ermittlungsschritt (34), welcher in
einem Fall, in dem ein Monochromkomponen-
tenbildbereich in dem ersten Ermittlungsschritt
ermittelt wurde, dazu dient, auf der Grundlage
von Spitzenwerten und der Varianz eines Hel-
ligkeitshistogramms des Bildbereichs zu ermit-
teln, ob die monochromatische Komponente
ein kontinuierlicher monochromatischer Farb-
ton oder ein beschränkter Wert ist; und
einen vierten Ermittlungsschritt (35) zum Ermit-
teln des Typs des Bilds auf der Grundlage von
Ergebnissen von Ermittlungen, die in den er-
sten bis dritten Ermittlungsschritten durchge-
führt wurden.

18. Verfahren nach Anspruch 17, bei dem die Arten des
Bildbereichs einen kontinuierlichen Farbton, ein
farbbeschränktes Zeichen oder eine farbbe-
schränkte Linienzeichnung, einen farbbeschränk-
ten Pseudo-Halbton, einen kontinuierlichen mono-
chromatischen Farbton, ein wertbeschränktes Zei-
chen oder eine wertbeschränkte Linienzeichnung,
oder einen wertbeschränkten Pseudo-Halbton be-
inhalten.

19. Verfahren nach Anspruch 18, bei dem der Unter-
scheidungsschritt (3) Mittelwertdaten innerhalb des
Bildbereichs in einem Fall zurückbehält, in dem die
Art des Bildbereichs als farbbeschränktes Zeichen
oder farbbeschränkte Linienzeichnung, farbbe-
schränkter Pseudo-Halbton, wertbeschränktes Zei-
chen oder wertbeschränkte Linienzeichnung, oder
wertbeschränkter Pseudo-Halbton ermittelt wurde.

20. Bildverarbeitungsvorrichtung, gekennzeichnet
durch:

eine Eingabeeinrichtung (1001) zum Eingeben
eines Farbbilds;
eine Extraktionseinrichtung (1002) zum Extra-
hieren eines oder mehrerer Bildbereiche (24)
aus dem Eingangsfarbbild durch Separieren
eines Hintergrundbildbereichs (22) und eines
oder mehrerer endgültiger Bildbereiche oder
Zwischenbildbereiche (23) mit einer Eigen-
schaft, die sich von dem separierten Hinter-
grundbildbereich unterscheidet; und
eine Unterscheidungseinrichtung (1003) zum
Unterscheiden der visuellen Eigenschaften der
in dem Extraktionsschritt extrahierten einen
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oder mehreren Bildbereiche.

21. Vorrichtung nach Anspruch 20, umfassend eine
Zoomeinrichtung (1004) zum Zoomen des Ein-
gangsfarbbilds dadurch, daß jeder der durch die
Extraktionseinrichtung extrahierten Bildbereiche ei-
ner Zoomverarbeitung entsprechend Unterschei-
dungsergebnissen, die durch die Unterscheidungs-
einrichtung erhalten wurden, unterworfen wird.

22. Vorrichtung nach Anspruch 20, ferner umfassend
eine Kompressionseinrichtung (1014) zum Kompri-
mieren des Eingangsfarbbilds dadurch, daß jeder
der durch die Extraktionseinrichtung extrahierten
Bildbereiche einer Kompressionsverarbeitung ent-
sprechend Unterscheidungsergebnissen, die durch
die Unterscheidungseinrichtung erhalten wurden,
unterworfen wird.

23. Vorrichtung nach Anspruch 22, bei der die Unter-
scheidungseinrichtung so ausgelegt ist, daß sie
den bestimmten komprimierten Bildbereichen ent-
spricht und die komprimierten Daten der Bildberei-
che sammelt.

24. Vorrichtung nach Anspruch 22, umfassend eine Re-
produktionseinrichtung (1010) zum Reproduzieren
des Farbbilds durch Dekomprimieren der kompri-
mierten Daten für jeden Bildbereich.

25. Verfahren nach Anspruch 20, umfassend eine Um-
wandlungseinrichtung zum Umwandeln der Daten
jedes der durch die Extraktionseinrichtung extra-
hierten Bildbereiche in ein Datenformat für die Bild-
bearbeitung auf der Grundlage von durch die Un-
terscheidungseinrichtung erhaltenen Unterschei-
dungsergebnissen.

26. Vorrichtung nach Anspruch 25, ferner umfassend
eine Bearbeitungseinrichtung zum Bearbeiten von
Daten für die Bildbearbeitung, die durch die Um-
wandlungseinrichtung erhalten wurden.

27. Bildverarbeitungsverfahren zum Extrahieren eines
Bildbereichs aus einem Bild, in welchem Bildberei-
che mit unterschiedlichen Komponenten vermischt
sind, gekennzeichnet durch:

einen Reduktionsschritt (12) zum Erzeugen ei-
nes reduzierten Bilds aus einem Eingangsbild;
einen ersten Extraktionsschritt (13, 2) zum Ex-
trahieren eines oder mehrerer Bildbereiche
(24) aus dem reduzierten Bild durch Separie-
ren eines Hintergrundbildbereichs (22) und ei-
nes oder mehrerer endgültiger Bildbereiche
oder Zwischenbildbereiche (23) mit einer Ei-
genschaft, die sich von dem separierten Hinter-
grundbildbereich unterscheidet; und

einen zweiten Extraktionsschritt (14) zum Ex-
trahieren eines Bildbereichs aus dem Ein-
gangsbild unter Verwendung von Extraktions-
ergebnissen des ersten Extraktionsschritts.

28. Verfahren nach Anspruch 27, bei dem der erste Ex-
traktionsschritt (13, 2) beinhaltet:

einen ersten Separationsschritt (22) zum Ermit-
teln, ob ein zu verarbeitender Bildbereich in
dem reduzierten Bild einen Bildbereich hat, der
Hintergrund sein wird, und Separieren dieses
Hintergrundbildbereichs; und
einen zweiten Separationsschritt (23) zum Se-
parieren zumindest eines endgültigen Bildbe-
reichs oder Zwischenbildbereichs aus anderen
Bildbereichen als dem Hintergrundbildbereich;
wobei
der erste Extraktionsschritt Bildbereiche durch
rekursives Wiederholen des ersten und des
zweiten Separationsschritts in den in dem zwei-
ten Separationsschritt separierten Zwischen-
bildbereichen extrahiert.

29. Verfahren nach Anspruch 27, bei dem der zweite
Extraktionsschritt (14) beinhaltet:

einen Bildbereichpositionssumwandlungs-
schritt (141) zum Berechnen von Positionsin-
formationen (4002) eines Bildbereichs in dem
Eingangsfarbbild aus Positionsinformationen
(4001) des in dem ersten Extraktionsschritt ex-
trahierten Bildbereichs und einem Reduktions-
verhältnis (1/N) des reduzierten Bilds; und
einen Bildbereichformextraktionsschritt (142)
zum Extrahieren einer Bildbereichform des Ein-
gangsfarbbilds auf der Grundlage eines recht-
eckigen Bildbereichs an der in dem
Bildbereichpositionsumwandlungsschritt be-
rechneten Bildbereichposition.

30. Verfahren nach Anspruch 27, bei dem der zweite
Extraktionsschritt (14) beinhaltet:

einen Bildbereichpositionssumwandlungs-
schritt (141) zum Berechnen von Positionsin-
formationen (4002) eines Bildbereichs in dem
Eingangsfarbbild aus Positionsinformationen
der in dem ersten Extraktionsschritt extrahier-
ten Bildbereiche und einem Reduktionsverhält-
nis des reduzierten Bilds; und
einen Bildbereichformextraktionsschritt (142)
zum Extrahieren einer Bildbereichform in dem
Eingangsfarbbild aus Pixeln des Eingangsfarb-
bilds, die dem in dem ersten Extraktionsschritt
extrahierten Bildbereich entsprechen.

31. Verfahren nach Anspruch 27, bei dem der zweite
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Extraktionsschritt (14) beinhaltet:

einen Bildbereichpositionssumwandlungs-
schritt (141) zum Berechnen von Positionsin-
formationen (5102) eines Bildbereichs in dem
Eingangsfarbbild aus Positionsinformationen
(5101) der in dem ersten Extraktionsschritt ex-
trahierten Bildbereiche und einem Reduktions-
verhältnis des reduzierten Bilds;
einen Bildbereichformexpansionsschritt (143)
zum Anwenden einer Expansionsverarbeitung
auf die in dem ersten Extraktionsschritt extra-
hierten Bildbereichformen; und
einen Bildbereichformextraktionsschritt (142)
zum Extrahieren einer Bildbereichform in dem
Eingangsfarbbild aus Pixeln des Eingangsfarb-
bilds, die jedem in dem Bildbereichexpansions-
schritt expandierten Bildbereich entsprechen.

32. Verfahren nach Anspruch 27, bei dem der zweite
Extraktionsschritt (14) beinhaltet:

einen Bildbereichpositionssumwandlungs-
schritt (141) zum Berechnen von Positionsin-
formationen (6002) eines Bildbereichs in dem
Eingangsfarbbild aus Positionsinformationen
(6001) der in dem ersten Extraktionsschritt ex-
trahierten Bildbereiche und einem Reduktions-
verhältnis des reduzierten Bilds;
einen Bildbereichformextraktionsschritt (142)
zum Extrahieren einer Bildbereichform (6004)
des Eingangsfarbbilds in einem rechteckigen
Bildbereich an der in dem Bildbereichpositions-
umwandlungsschritt berechneten Bildbereich-
position;
einen Weglaßbildbereichextraktionsschritt
(145) zum Extrahieren eines Bildbereichs, wel-
cher zur Zeit der Erzeugung des reduzierten
Bilds durch Verarbeitung in dem Reduktions-
schritt (12) weggelassen wurde, durch Verglei-
chen des aus dem reduzierten Bild extrahierten
Bildbereichs und des aus dem Eingangsfarb-
bild extrahierten Bildbereichs; und
einen Vereinigungsschritt (146) zum Vereini-
gen der in dem Bildbereichformextraktions-
schritt extrahierten Bildform und des in dem
Weglaßbildbereichextraktionsschritt extrahier-
ten weggelassenen Bilds.

33. Verfahren nach Anspruch 32, bei dem

der Weglaßbildbereichextraktionsschritt (145)
Kennzeichen (6005), welche jeweilige von in
dem ersten Extraktionsschritt extrahierte Bild-
bereiche anzeigen, entsprechend der in dem
Bildbereichformextraktionsschritt extrahierten
Bildbereichform jeweiligen von Pixeln zuweist,
und Pixel, welchen die Kennzeichen nicht zu-

gewiesen werden konnten, als den weggelas-
senen Bildbereich extrahiert; und
der Vereinigungsschritt (146) den weggelasse-
nen Bildbereich durch Zuweisen des Kennzei-
chens des nächstliegenden Pixels, dem ein
Kennzeichen zugewiesen wurde, zu jedem Pi-
xel, welches dem weggelassenen Bildbereich
entspricht, vereinigt.

34. Verfahren nach Anspruch 29, bei dem der zweite
Extraktionsschritt (14) und der Bildbereichformex-
traktionsschritt (142) das Eingangsfarbbild unter
Verwendung des in dem ersten Extraktionsschritt
(13, 2) berechneten Werts der Hintergrundfarbe in
Hintergrund und andere Abschnitte als Hintergrund
binarisieren und einen Bildbereich in dem Ein-
gangsfarbbild aus dem binären Bild extrahieren.

35. Verfahren nach Anspruch 27, bei dem der Redukti-
onsschritt (12) einen Pixel aus jedem N X N Pixel
(worin N eine natürliche Zahl ist) umfassenden
Block, der durch Partitionieren des Eingangsfarb-
bilds erhalten wurde, auswählt, diesen Block durch
den einen Pixel repräsentiert, und dadurch ein re-
duziertes Bild mit einem Reduktionsverhältnis von
1/N erzeugt.

36. Verfahren nach Anspruch 27, bei dem der Redukti-
onsschritt (12) einen Mittelwert von Pixeln jedes
durch Partitionieren des Eingangsfarbbilds erhalte-
nen, N X N Pixel (worin N eine natürliche Zahl ist)
umfassenden Blocks ermittelt, diesen Block durch
den Mittelwert repräsentiert, und dadurch ein redu-
ziertes Bild mit einem Reduktionsverhältnis von 1/N
erzeugt.

37. Verfahren nach Anspruch 27, umfassend:

einen Unterscheidungsschritt (3) zum Unter-
scheiden einer Komponente des in dem zwei-
ten Extraktionsschritt (14) extrahierten Bildbe-
reichs; und
einen Zoomschritt (4) zum Zoomen des Ein-
gangsfarbbilds durch Zoomen der Daten jedes
in dem zweiten Extraktionsschritt extrahierten
Bereichs unter Verwendung eines Zoomver-
fahrens entsprechend Unterscheidungsergeb-
nissen, die in dem Unterscheidungsschritt er-
halten wurden.

38. Verfahren nach Anspruch 27, ferner umfassend:

einen Unterscheidungsschritt (3) zum Unter-
scheiden einer Komponente des in dem zwei-
ten Extraktionsschritt (14) extrahierten Bildbe-
reichs; und
einen Kompressionsschritt (6) zum Komprimie-
ren des Eingangsfarbbilds durch Komprimieren
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der Daten jedes in dem zweiten Extraktions-
schritt extrahierten Bereichs unter Verwendung
eines Kompressionsverfahrens entsprechend
Unterscheidungsergebnissen, die in dem Un-
terscheidungsschritt erhalten wurden.

39. Verfahren nach Anspruch 38, ferner umfassend ei-
nen Reproduktionsschritt (9) zum Reproduzieren
des Farbbilds durch Dekomprimieren der kompri-
mierten Daten, welche in dem Kompressionsschritt
erhalten wurden, für jeden Bildbereich.

40. Verfahren nach Anspruch 27, ferner umfassend:

einen Unterscheidungsschritt (3) zum Unter-
scheiden einer Komponente des in dem zwei-
ten Extraktionsschritt (14) extrahierten Bildbe-
reichs; und
einen Umwandlungsschritt (10) zum Umwan-
deln der Daten des in dem zweiten Extraktions-
schritt extrahierten Bildbereichs in ein Daten-
format für die Bildbearbeitung auf der Grundla-
ge der in dem Unterscheidungsschritt ermittel-
ten Unterscheidung.

41. Verfahren nach Anspruch 40, ferner umfassend ei-
nen Bearbeitungsschritt (11) zum Bearbeiten von
Daten für die Bildbearbeitung, die in dem Umwand-
lungsschritt erhalten wurden.

42. Bildverarbeitungsvorrichtung zum Extrahieren ei-
nes Bildbereichs aus einem Bild, in welchem Bild-
bereiche mit unterschiedlichen Komponenten ver-
mischt sind, gekennzeichnet durch:

eine Reduktionseinrichtung (1102) zum Erzeu-
gen eines reduzierten Bilds aus einem Ein-
gangsbild;
eine erste Extraktionseinrichtung (1103) zum
Extrahieren eines oder mehrerer Bildbereiche
(24) aus dem reduzierten Bild durch Separie-
ren eines Hintergrundbildbereichs (22) und ei-
nes oder mehrerer endgültiger Bildbereiche
oder Zwischenbildbereiche (23) mit einer Ei-
genschaft, die sich von dem separierten Hinter-
grundbildbereich unterscheidet; und
eine zweite Extraktionseinrichtung (1104) zum
Extrahieren eines Bildbereichs aus dem
Eingansbild unter Verwendung eines Extrakti-
onsergebnisses der ersten Extraktionseinrich-
tung.

43. Vorrichtung nach Anspruch 42, umfassend:

eine Unterscheidungseinrichtung zum Unter-
scheiden einer Komponente des durch die
zweite Extraktionseinrichtung extrahierten
Bildbereichs; und

eine Zoomeinrichtung zum Zoomen des Ein-
gangsfarbbilds durch Zoomen der Daten jedes
durch die zweite Extraktionseinrichtung extra-
hierten Bereichs unter Verwendung eines
Zoomverfahrens entsprechend Unterschei-
dungsergebnissen, die durch die Unterschei-
dungseinrichtung erhalten wurden.

44. Vorrichtung nach Anspruch 42, umfassend:

eine Unterscheidungseinrichtung zum Unter-
scheiden einer Komponente des durch die
zweite Extraktionseinrichtung extrahierten
Bildbereichs; und
eine Kompressionseinrichtung zum Kompri-
mieren des Eingangsfarbbilds durch Kompri-
mieren der Daten jedes durch die zweite Ex-
traktionseinrichtung extrahierten Bereichs un-
ter Verwendung eines Kompressionsverfah-
rens entsprechend Unterscheidungsergebnis-
sen, die durch die Unterscheidungseinrichtung
erhalten wurden.

45. Vorrichtung nach Anspruch 44, umfassend eine Re-
produktionseinrichtung zum Reproduzieren des
Farbbilds durch Dekomprimieren der komprimier-
ten Daten, welche durch die Kompressionseinrich-
tung erhalten wurden, für jeden Bildbereich.

46. Vorrichtung nach Anspruch 42, umfassend:

eine Unterscheidungseinrichtung zum Unter-
scheiden einer Komponente des durch die
zweite Extraktionseinrichtung extrahierten
Bildbereichs; und
eine Umwandlungseinrichtung zum Unwan-
deln der Daten des durch die zweite Extrakti-
onseinrichtung extrahierten Bildbereichs in ein
Datenformat für die Bildbearbeitung auf der
Grundlage von Unterscheidungsergebnissen,
die durch die Unterscheidungseinrichtung er-
halten wurden.

47. Vorrichtung nach Anspruch 46, ferner umfassend
eine Bearbeitungseinrichtung zum Bearbeiten von
Daten für die Bildbearbeitung, die durch die Um-
wandlungseinrichtung erhalten wurden.

Revendications

1. Procédé de traitement d'image, caractérisé en ce
qu'il comprend :

une étape d'entrée (1) pour entrer une image
en couleurs ;
une étape d'extraction (2) pour extraire à partir
de ladite image en couleurs d'entrée une ou
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plusieurs zones d'image (24) en séparant une
zone d'image d'arrière-plan (22) et une ou plu-
sieurs zones d'image finales ou intermédiaires
(23) ayant une caractéristique différente de la-
dite zone d'image d'arrière-plan séparée ; et
une étape de discrimination (3) pour discrimi-
ner les caractéristiques visuelles de la zone ou
des plusieurs zones d'image extraites au ni-
veau de ladite étape d'extraction.

2. Procédé selon la revendication 1, comprenant de
plus une étape de zoom (4) pour zoomer l'image en
couleurs entrée en soumettant chacune des zones
d'image extraites au niveau de ladite étape d'ex-
traction à un traitement de zoom se conformant à
des résultats de discrimination obtenus au niveau
de ladite étape de discrimination.

3. Procédé selon la revendication 1, comprenant de
plus une étape de compression (6) pour comprimer
l'image en couleurs entrée en soumettant chacune
des zones d'image extraites au niveau de ladite éta-
pe d'extraction à un traitement de compression se
conformant à des résultats de discrimination obte-
nus au niveau de ladite étape de discrimination.

4. Procédé selon la revendication 3, dans lequel ladite
étape de compression est conçue pour se confor-
mer à la zone d'image particulière comprimée, et
recueille les données comprimées des zones d'ima-
ge.

5. Procédé selon la revendication 4, comprenant de
plus une étape de reproduction (9) pour reproduire
l'image en couleurs en décomprimant (92 à 97,
S701, S702, S801, S802) les données comprimées
pour chaque zone d'image.

6. Procédé selon la revendication 1, comprenant de
plus une étape de transformation (10) pour trans-
former, sur la base de résultats de discrimination
obtenus au niveau de ladite étape de discrimination
(3), les données de chacune des zones d'image ex-
traites au niveau de ladite étape d'extraction (2) en
un format de données pour une édition d'image.

7. Procédé selon la revendication 6, comprenant de
plus une étape d'édition (11) pour éditer des don-
nées pour une édition d'image obtenue au niveau
de ladite étape de transformation (10).

8. Procédé selon la revendication 1, dans lequel ladite
étape d'extraction (2) comprend :

une première étape de séparation (22) pour sé-
parer une zone d'image d'arrière-plan d'une zo-
ne devant subir un traitement dans l'image en
couleurs entrée ; et

une seconde étape de séparation (23) pour sé-
parer au moins une zone d'image finale ou in-
termédiaire de zones d'image autres que ladite
zone d'image d'arrière-plan ;
ladite étape d'extraction extrayant des zones
d'image en répétant de manière récursive les-
dites première et seconde étapes de sépara-
tion dans les zones d'image intermédiaires sé-
parées au niveau de ladite seconde étape de
séparation.

9. Procédé selon la revendication 8, dans lequel ladite
première étape de séparation (22) détecte (211)
une partie d'arrière-plan sur la base d'une réparti-
tion de valeurs de pixel dans ladite zone devant su-
bir un traitement, sépare (212) une zone d'image
comprenant des pixels ayant des valeurs au voisi-
nage des valeurs de pixel, d'arrière-plan et forme
(213) la zone d'image séparée pour transformer
cette zone d'image en dite zone d'image d'arrière-
plan.

10. Procédé selon la revendication 9, dans lequel les
valeurs de pixel d'arrière-plan sont des valeurs de
fréquence maximale de survenance dans ladite zo-
ne devant subir un traitement.

11. Procédé selon la revendication 8, dans lequel ladite
première étape de séparation (22) détecte (211,
S103) une partie d'arrière-plan sur la base d'une ré-
partition de valeurs de pixel dans ladite zone devant
subir un traitement, sépare (212, S104) une zone
d'image comprenant des pixels ayant des valeurs
au voisinage des valeurs de pixel d'arrière-plan, dé-
termine (S109) si la zone séparée est appropriée
en tant que zone d'image d'arrière-plan et forme
(213, S105 à S108) une zone, qui a été déterminée
comme étant appropriée en tant que zone d'image
d'arrière-plan, pour transformer cette zone d'image
en dite zone d'image d'arrière-plan.

12. Procédé selon la revendication 11, dans lequel les
valeurs de pixel d'arrière-plan sont des valeurs de
fréquence maximale de survenance dans ladite zo-
ne devant subir un traitement.

13. Procédé selon la revendication 11, dans lequel lors-
que ladite première étape de séparation (22) a dé-
terminé que la zone d'image séparée est inappro-
priée en tant que zone d'image d'arrière-plan, ladite
première étape de séparation change une valeur au
voisinage de la valeur d'élément d'image d'arrière-
plan et sépare de nouveau les zones d'image.

14. Procédé selon la revendication 8, dans lequel ladite
première étape de séparation (22) détermine si la
zone d'image séparée est appropriée en tant que
zone d'image d'arrière-plan à partir des résultats de
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comparaison de la zone de ladite zone devant subir
un traitement et de la zone de la zone séparée, la
zone d'une partie qui est à l'intérieur de ladite zone
devant subir un traitement et à l'extérieur de ladite
zone d'image séparée, et un certain nombre de
composantes reliées inférieur à une zone prédéter-
minée présente à l'extérieur de la zone d'image sé-
parée.

15. Procédé selon la revendication 8, dans lequel ladite
seconde étape de séparation (23) sépare des zo-
nes d'image, qui sont des zones d'image à l'exté-
rieur de ladite image d'arrière-plan et étroitement
adjacentes les unes aux autres, en tant que zone
unique d'image finale ou intermédiaire.

16. Procédé selon la revendication 1, dans lequel ladite
étape de discrimination (3) retient une image binai-
re, qui indique le type, la position et la forme d'une
zone d'image discriminée en tant que caractéristi-
que visuelle de la zone d'image, aussi bien que des
informations indiquant une relation d'inclusion entre
des zones d'image.

17. Procédé selon la revendication 1, dans lequel ladite
étape de discrimination (3) comprend :

une première étape de détermination (32) pour
déterminer, sur la base de valeurs de crête et
d'une variance d'un histogramme de saturation
de ladite zone d'image, si ladite zone d'image
est une zone d'image comprenant des compo-
santes de couleurs ou des composantes
monochromatiques ;
une deuxième étape de détermination (33) qui,
dans un cas où une zone d'image de compo-
sante en couleurs a été déterminée au niveau
de ladite première étape de détermination, sert
à déterminer, sur la base de valeurs de crête et
d'une variance d'un histogramme en couleurs
de ladite zone d'image, si la composante en
couleurs est une tonalité colorée continue ou
une couleur limitée ;
une troisième étape de détermination (34) qui,
dans un cas où une zone d'image de compo-
sante monochromatique a été déterminée au
niveau de ladite première étape de détermina-
tion, sert à déterminer, sur la base de valeurs
de crête et d'une variance d'un histogramme de
clarté de ladite zone d'image, si la composante
monochromatique est une tonalité monochro-
matique continue ou une valeur limitée ; et
une quatrième étape de détermination (35)
pour déterminer le type de ladite zone d'image
sur la base de résultats de déterminations réa-
lisés au niveau de ladite première à ladite troi-
sième étapes de détermination.

18. Procédé selon la revendication 17, dans lequel les-
dits types de la zone d'image comprennent une to-
nalité colorée continue, un caractère ou un dessin
de ligne à couleur limitée, une pseudo demi-teinte
à couleur limitée, une tonalité monochromatique
continue, un caractère ou un dessin de ligne à va-
leur limitée et une pseudo demi-teinte à valeur limi-
tée.

19. Procédé selon la revendication 18, dans lequel la-
dite étape de discrimination (3) retient des données
moyennes à l'intérieur de la zone d'image dans un
cas où le type de la zone d'image a été déterminé
comme étant le caractère ou le dessin de ligne à
couleur limitée, la pseudo demi-teinte à couleur li-
mitée, le caractère ou dessin de ligne à valeur limi-
tée et la pseudo demi-teinte à valeur limitée.

20. Dispositif de traitement d'image, caractérisé en ce
qu'il comprend :

un moyen d'entrée (1001) pour entrer une ima-
ge en couleurs ;
un moyen d'extraction (1002) pour extraire à
partir de ladite image en couleurs d'entrée une
ou plusieurs zones d'image (24) en séparant
une zone d'image d'arrière-plan (22) et une ou
plusieurs zones d'image finales ou intermédiai-
res (23) ayant une caractéristique différente de
ladite zone d'image d'arrière-plan séparée ; et
un moyen de discrimination (1003) pour discri-
miner les caractéristiques visuelles de la zone
ou des plusieurs zones d'image extraites par
ledit moyen d'extraction.

21. Dispositif selon la revendication 20, comprenant de
plus un moyen de zoom (1004) pour zoomer l'image
en couleurs entrée en soumettant chacune des zo-
nes d'image extraites par ledit moyen d'extraction
à un traitement de zoom se conformant à des résul-
tats de discrimination obtenus par ledit moyen de
discrimination.

22. Dispositif selon la revendication 20, comprenant de
plus un moyen de compression (1014) pour com-
primer l'image en couleurs entrée en soumettant
chacune des zones d'image extraites par ledit
moyen d'extraction à un traitement de compression
se conformant à des résultats de discrimination ob-
tenus par ledit moyen de discrimination.

23. Dispositif selon la revendication 22, dans lequel le-
dit moyen de compression est conçu pour se con-
former à la zone d'image particulière comprimée, et
recueille les données comprimées des zones d'ima-
ge.

24. Dispositif selon la revendication 22, comprenant de
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plus un moyen de reproduction (1010) pour repro-
duire l'image en couleurs en décomprimant les don-
nées comprimées pour chaque zone d'image.

25. Dispositif selon la revendication 20, comprenant de
plus un moyen de transformation pour transformer,
sur la base de résultats de discrimination obtenus
par ledit moyen de discrimination, les données de
chacune des zones d'image extraites par ledit
moyen d'extraction en un format de données pour
une édition d'image.

26. Dispositif selon la revendication 25, comprenant de
plus un moyen d'édition pour éditer des données
pour une édition d'image obtenue par ledit moyen
de transformation.

27. Procédé de traitement d'image pour extraire une
zone d'image à partir d'une image dans laquelle des
zones d'image ayant différentes composantes sont
mélangées, caractérisé en ce qu'il comprend :

une étape de réduction (12) pour produire une
image réduite à partir d'une image d'entrée ;
une première étape d'extraction (13, 2) pour ex-
traire une ou plusieurs zones d'image (24) à
partir de l'image réduite en séparant une zone
d'image d'arrière-plan (22) et une ou plusieurs
zones d'image finales ou intermédiaires (23)
ayant une caractéristique différente de ladite
zone d'image d'arrière-plan séparée ; et
une seconde étape d'extraction (14) pour ex-
traire une zone d'image à partir de l'image d'en-
trée en utilisant des résultats d'extraction de la-
dite première étape d'extraction.

28. Procédé selon la revendication 27, dans lequel la-
dite première étape d'extraction (13, 2) comprend :

une première étape de séparation (22) pour dé-
terminer si une zone d'image devant subir un
traitement dans l'image en couleurs réduite
possède une zone d'image qui va être un arriè-
re-plan, et pour séparer cette zone d'image
d'arrière-plan ; et
une seconde étape de séparation (23) pour sé-
parer au moins une zone d'image finale ou in-
termédiaire à partir des zones d'image autres
que ladite zone d'image d'arrière-plan ;
ladite première étape d'extraction extrayant
des zones d'image en répétant de manière ré-
cursive lesdites première et seconde étapes de
séparation dans les zones d'image intermédiai-
res séparées au niveau de ladite seconde éta-
pe de séparation.

29. Procédé selon la revendication 27, dans lequel la-
dite seconde étape d'extraction (14) comprend :

une étape de transformation de position de zo-
ne d'image (141) pour calculer des informa-
tions de position (4002) d'une zone d'image
dans l'image en couleurs d'entrée à partir d'in-
formations de position (4001) de la zone d'ima-
ge extraite au niveau de ladite première étape
d'extraction, et un rapport de réduction (1/N) de
l'image réduite ; et
une étape d'extraction de forme de zone d'ima-
ge (142) pour extraire une forme de zone d'ima-
ge de l'image en couleurs d'entrée sur la base
d'une zone d'image rectangulaire à la position
de zone d'image calculée au niveau de ladite
étape de transformation de position de zone
d'image.

30. Procédé selon la revendication 27, dans lequel la-
dite seconde étape d'extraction (14) comprend :

une étape de transformation de position de zo-
ne d'image (141) pour calculer des informa-
tions de position d'une zone d'image dans
l'image en couleurs d'entrée à partir d'informa-
tions de position des zones d'image extraites
au niveau de ladite première étape d'extraction,
et un rapport de réduction de l'image réduite ; et
une étape d'extraction de forme de zone d'ima-
ge (142) pour extraire une forme de zone d'ima-
ge dans l'image en couleurs d'entrée à partir de
pixels de l'image en couleurs d'entrée qui cor-
respondent à la zone d'image extraite au ni-
veau de ladite première étape d'extraction.

31. Procédé selon la revendication 27, dans lequel la-
dite seconde étape d'extraction (14) comprend :

une étape de transformation de position de zo-
ne d'image (141) pour calculer des informa-
tions de position (5102) d'une zone d'image
dans l'image en couleurs d'entrée à partir d'in-
formations de position (5101) des zones d'ima-
ge extraites au niveau de ladite première étape
d'extraction, et un rapport de réduction de l'ima-
ge réduite ;
une étape d'extension de forme de zone d'ima-
ge (143) pour appliquer un traitement d'exten-
sion aux formes de zone d'image extraites au
niveau de ladite première étape d'extraction ; et
une étape d'extraction de forme de zone d'ima-
ge (142) pour extraire une forme de zone d'ima-
ge dans l'image en couleurs d'entrée à partir
d'éléments d'image de l'image en couleurs
d'entrée qui correspondent à chaque zone
d'image étendue au niveau de ladite étape
d'extension de forme de zone d'image.

32. Procédé selon la revendication 27, dans lequel la-
dite seconde étape d'extraction (14) comprend :
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une étape de transformation de position de zo-
ne d'image (141) pour calculer des informa-
tions de position (6002) d'une zone d'image
dans l'image en couleurs d'entrée à partir d'in-
formations de position (6001) des zones d'ima-
ge extraites au niveau de ladite première étape
d'extraction, et un rapport de réduction de l'ima-
ge réduite ;
une étape d'extraction de forme de zone d'ima-
ge (142) pour extraire une forme de zone d'ima-
ge (6004) de l'image en couleurs d'entrée dans
une zone d'image rectangulaire à la position de
zone d'image calculée au niveau de ladite éta-
pe de transformation de position de zone
d'image ;
une étape d'extraction de zone d'image omise
(145) pour extraire une zone d'image, qui a été
omise au moment de la production d'image ré-
duite par un traitement au niveau de ladite éta-
pe de réduction (12), en comparant la zone
d'image extraite à partir de l'image réduite et la
zone d'image extraite à partir de l'image en cou-
leurs d'entrée ; et
une étape d'unification (146) pour unifier la for-
me de zone d'image extraite au niveau de ladite
étape d'extraction de forme de zone d'image et
la zone d'image omise extraite au niveau de la-
dite étape d'extraction de zone d'image omise.

33. Procédé selon la revendication 32, dans lequel la-
dite étape d'extraction de zone d'image omise (145)
attribue des étiquettes (6005), qui indiquent des zo-
nes respectives de zones d'image extraites au ni-
veau de ladite première étape d'extraction, à des
éléments respectifs 'd'éléments d'image correspon-
dant à la forme de zone d'image extraite au niveau
de ladite étape d'extraction de forme de zone d'ima-
ge, et extrait des pixels, auxquels lesdites étiquet-
tes ne pourraient pas être attribuées, en tant que
dite zone d'image omise ; et

ladite étape d'unification (146) unifie ladite zo-
ne d'image omise en attribuant à chaque pixel, qui
correspond à ladite zone d'image omise, l'étiquette
de l'élément d'image le plus proche auquel une éti-
quette a été attribuée.

34. Procédé selon la revendication 29, dans lequel la-
dite seconde étape d'extraction (14) et ladite étape
d'extraction de forme de zone d'image (142) trans-
forment en binaires l'image en couleurs d'entrée en
arrière-plan et des parties autres que l'arrière-plan
en utilisant la valeur de la couleur d'arrière-plan cal-
culée au niveau de ladite première étape d'extrac-
tion, (13, 2), et extraient une zone d'image dans
l'image en couleurs d'entrée à partir de l'image bi-
naire.

35. Procédé selon la revendication 27, dans lequel la-

dite étape de réduction (12) sélectionne un pixel
particulier à partir de chaque bloc comprenant N x
N pixels (où N est un nombre naturel) obtenus en
divisant l'image en couleurs d'entrée, et représen-
tant ce bloc par le pixel particulier, créant de ce fait
une image réduite ayant un rapport de réduction de
1/N.

36. Procédé selon la revendication 27, dans lequel la-
dite étape de réduction (12) obtient une valeur
moyenne de pixels de chaque bloc comprenant N
x N de pixels (où N est un nombre naturel) obtenus
en divisant l'image en couleurs d'entrée, et repré-
sentant ce bloc par la valeur moyenne, créant de
ce fait une image réduite ayant un rapport de réduc-
tion de 1/N.

37. Procédé selon la revendication 27, comprenant de
plus :

une étape de discrimination (3) pour discrimi-
ner une composante de la zone d'image extrai-
te au niveau de ladite seconde étape d'extrac-
tion (14) ; et
une étape de zoom (4) pour zoomer l'image en
couleurs d'entrée en zoomant les données de
chaque zone extraite au niveau de ladite se-
conde étape d'extraction en utilisant un procé-
dé de zoom se conformant à des résultats de
discrimination obtenus au niveau de ladite éta-
pe de discrimination.

38. Procédé selon la revendication 27, comprenant de
plus :

une étape de discrimination (3) pour discrimi-
ner une composante de la zone d'image extrai-
te au niveau de ladite seconde étape d'extrac-
tion (14) ; et
une étape de compression (6) pour comprimer
l'image en couleurs d'entrée en comprimant les
données de chaque zone extraite au niveau de
ladite seconde étape d'extraction en utilisant un
procédé de compression se conformant à des
résultats de discrimination obtenus au niveau
de ladite étape de discrimination.

39. Procédé selon la revendication 38, comprenant de
plus une étape de reproduction (9) pour reproduire
l'image en couleurs en décomprimant les données
comprimées, qui ont été obtenues au niveau de la-
dite étape de compression, pour chaque zone
d'image.

40. Procédé selon la revendication 27, comprenant de
plus :

une étape de discrimination (3) pour discrimi-

75 76



EP 0 724 229 B1

40

5

10

15

20

25

30

35

40

45

50

55

ner une composante de la zone d'image extrai-
te au niveau de ladite seconde étape d'extrac-
tion (14) ; et
une étape de transformation (10) pour transfor-
mer, sur la base de résultats de discrimination
obtenus au niveau de ladite étape de discrimi-
nation, les données de la zone d'image extraite
au niveau de ladite seconde étape d'extraction
en un format de données pour une édition
d'image.

41. Procédé selon la revendication 40, comprenant de
plus une étape d'édition (11) pour éditer des don-
nées pour une édition d'image obtenue au niveau
de ladite étape de transformation.

42. Dispositif de traitement d'image pour extraire une
zone d'image à partir d'une image dans laquelle des
zones d'image ayant différentes composantes sont
mélangées, caractérisé en ce qu'il comprend :

un moyen de réduction (1102) pour produire
une image réduite à partir d'une image
d'entrée ;
un premier moyen d'extraction (1103) pour ex-
traire une ou plusieurs zones d'image (24) à
partir de l'image réduite en séparant une zone
d'image d'arrière-plan (22) et une ou plusieurs
zones d'image finales ou intermédiaires (23)
ayant une caractéristique différente de ladite
zone d'image d'arrière-plan séparée ; et
un second moyen d'extraction (1104) pour ex-
traire une zone d'image à partir de l'image d'en-
trée en utilisant un résultat d'extraction dudit
premier moyen d'extraction.

43. Dispositif selon la revendication 42, comprenant de
plus :

un moyen de discrimination pour discriminer
une composante de la zone d'image extraite
par ledit second moyen d'extraction ; et
un moyen de zoom pour zoomer l'image en
couleurs d'entrée en zoomant les données de
chaque zone extraite par ledit second moyen
d'extraction en utilisant un procédé de zoom se
conformant à des résultats de discrimination
obtenus par ledit moyen de discrimination.

44. Dispositif selon la revendication 42, comprenant de
plus :

un moyen de discrimination pour discriminer
une composante de la zone d'image extraite
par ledit second moyen d'extraction ; et
un moyen de compression pour comprimer
l'image en couleurs d'entrée en comprimant les
données de chaque zone extraite par ledit se-

cond moyen d'extraction en utilisant un procé-
dé de compression se conformant à des résul-
tats de discrimination obtenus par ledit moyen
de discrimination.

45. Procédé selon la revendication 44, comprenant de
plus un moyen de reproduction pour reproduire
l'image en couleurs en décomprimant les données
comprimées, qui ont été obtenues par ledit moyen
de compression, pour chaque zone d'image.

46. Dispositif selon la revendication 42, comprenant de
plus :

un moyen de discrimination pour discriminer
une composante de la zone d'image extraite
par ledit second moyen d'extraction ; et
un moyen de transformation pour transformer,
sur la base de résultats de discrimination obte-
nus par ledit moyen de discrimination, les don-
nées de la zone d'image extraite par ledit se-
cond moyen d'extraction en un format de don-
nées pour une édition d'image.

47. Dispositif selon la revendication 46, comprenant de
plus un moyen d'édition pour éditer des données
pour une édition d'image obtenue par ledit moyen
de transformation.
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